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RULES 


OF    THE 


AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS. 

[Adopted  November  5t7i,  1S84.] 


OBJECTS. 

Art.  1.  The  objects  of  the  American  Society  of  Mechanical 
Engineers  are  to  promote  the  Arts  and  Sciences  connected  with 
Engineering  and  Mechanical  Construction,  by  means  of  meetings 
for  social  intercourse  and  the  reading  and  discussion  of  profes- 
sional papers,  and  to  circulate,  by  means  of  publication  among  its 
members,  the  information  thus  obtained. 

membership. 

Art.  2.  The  Society  shall  consist  of  Members,  Honorary  Mem- 
bers, Associates  and  Juniors. 

Art.  3.  Mechanical.  Civil,  Military,  Mining,  Metallurgical  and 
Naval  Engineers  and  Architects  may  be  candidates  for  member- 
ship in  this  Society. 

Art.  4.  To  be  eligible  as  a  Member,  the  candidate  must  have  been 
so  connected  with  some  of  the  above-specified  professions  as  to  be 
considered,  in  the  opinion  of  the  Council,  competent  to  take  charge 
of  work  in  his  department,  either  as  a  designer  or  constructor,  or 
else  he  must  have  been  connected  with  the  same  as  a  teacher. 

Art.  5.  Honorary  Members,  not  exceeding  twenty-five  in  num- 
ber, may  be  elected.  They  must  be  persons  of  acknowledged  pro- 
fessional eminence,  who  have  virtually  retired  from  practice. 

Art.  6.  To  be  eligible  as  an  Associate,  the  candidate  must  have 
such  a  knowledge  of  or  connection  with  applied  science  as  quali- 
fies him,  in  the  opinion  of  the  Council,  to  co-operate  with  engineers 
in  the  advancement  of  professional  knowledge. 
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Art  7.  To  be  eligible  as  a  Junior,  the  candidate  must  have 
been  in  the  practice  of  engineering  for  at  least  two  years,  or  he 
must  be  a  graduate  of  an  engineering  school. 

The  term  "Junior"  applies  to  the  professional  experience,  and 
not  to  the  age  of  the  candidate.  Juniors  may  become  eligible  to 
membership. 

Art.  8.  All  Members  and  Associates  shall  be  equally  entitled  to 
the  privileges  of  membership.  Honorary  Members  and  Juniors 
shall  not  be  entitled  to  vote  nor  to  be  members  of  the  Council. 

ELECTION  OF  MEMBERS. 

Art.  9.  Every  candidate  for  admission  to  the  Society,  excepting 
candidates  for  honorary  membership,  must  be  proposed  by  at  least 
three  members,  or  members  and  associates,  to  whom  he  must  be 
personally  known,  and  he  must  be  seconded  by  two  others.  The 
proposal  must  be  accompanied  by  a  statement  in  writing  by  the 
candidate  of  the  grounds  of  his  application  for  election,  including 
an  account  of  his  professional  experience,  and  an  agreement  that 
he  will  conform  to  the  requirements  of  membership  if  elected. 

Art.  10.  All  such  applications  and  proposals  must  be  received 
and  acted  upon  by  the  Council  at  least  thirty  days  before  a  regu- 
lar meeting,  when  the  Secretary  shall  at  once  mail  to  each  mem- 
ber and  associate,  in  the  form  of  a  letter  ballot,  the  names  of  can- 
didates recommended  by  the  Council  for  election. 

Art.  11.  Any  member  or  associate  entitled  to  vote  may  erase 
the  name  of  any  candidate,  and  may,  at  his  option,  return  to  the 
Secretary  such  baliot  enclosed  in  two  envelopes,  the  inner  one  to 
be  blank  and  the  outer  one  endorsed  by  the  voter. 

Art.  12.  The  rejection  of  any  candidate  for  admission  as  mem- 
ber, associate,  or  junior,  by  seven  voters,  shall  defeat  the  elec- 
tion of  said  candidate.  The  rejection  of  any  candidate  for  admis- 
sion as  honorary  member  by  three  voters  shall  defeat  the  election 
of  said  candidate. 

Art.  13.  The  said  blank  envelopes  shall  be  opened  by  the 
Council  at  nny  meeting  thereof,  and  the  names  of  the  candidates 
elected  shall  be  announced  in  the  first  ensuing  meeting  of  the  So- 
ciety, and  also  in  the  first  ensuing  list  of  members.  The  names 
of  candidates  not  elected  shall  neither  be  announced  nor  recorded 
in  the  proceedings. 

Art.  14. — Candidates  for  admission  as  honorarv  members  shall 
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not  be  required  to  present  their  claims ;  those  making  the  nomi- 
nations shall  state  the  grounds  therefor,  arid  shall  certify  that  the 
nominee  will  accept  if  elected.  The  method  of  election  in  other 
respects  shall  be  the  same  as  in  case  of  other  candidates. 

Art.  15.  All  persons  elected  to  the  Society,  excepting  honorary 
members,  must  subscribe  to  the  rules  and  pay  to  the  Treasurer 
the  initiation  fee  before  they  cau  receive  certificates  of  member- 
ship. If  this  is  not  done  within  six  months  of  notification  of  elec- 
tion, the  election  shall  be  void. 

Art.  16.  The  proposers  of  any  rejected  candidate  may,  within 
three  months  after  such  rejection,  lay  before  the  Council  written 
evidence  that  an  error  was  then  made,  and  if  a  reconsideration  is 
granted,  another  ballot  shall  be  ordered,  at  which  thirteen  nega- 
tive votes  shall  be  required  to  defeat  the  candidate. 

Art.  17.  Persons  desiring  to  change  the  class  of  their  member- 
ship shall  be  proposed  in  the  same  form  as  described  for  a  new 
applicant. 

FEES  AND  DUES. 

Art.  18.  The  initiation  fees  of  members  and  associates  shall  be 
$15,  and  their  annual  dues  shall  be  $10,  payable  in  advance.  The 
initiation  fee  of  juniors  shall  be  $10,  and  their  annual  dues  $5, 
payable  in  advance.  A  junior,  being  promoted  to  full  membership, 
shall  pay  an  additional  initiation  fee  of  $5.  Any  member  or  as- 
sociate may  become,  by  the  payment  of  $150  at  any  one  time,  a 
life  member  or  associate,  and  shall  not  be  liable  thereafter  to 
annual  dues. 

Art.  19.  Any  member,  associate  or  junior,  in  arrears  may,  at 
the  discretion  of  the  Council,  be  deprived  of  the  receipt  of  publi- 
cations, or  stricken  from  the  list  of  members,  when  in  arrears  for 
one  year.  Such  person  may  be  restored  to  membership  by  the 
Council  on  payment  of  all  arrears,  or  by  re-election  after  an  inter- 
val of  three  years. 

OFFICERS. 

Art.  20.  The  affairs  of  the  Society  shall  be  managed  by  a  Coun- 
cil, consisting  of  a  President,  six  Vice-Presidents,  nine  Managers, 
and  a  Treasurer,  who  shall  be  elected  from  among  the  members 
and  associates  of  the  Society  at  the  annual  meetings,  to  hold  office 
as  follows: 

Art.  21.  The  President  and  the  Treasurer  for  one  year ;    and 
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no  person'shall  be  eligible  for  immediate  re-election  as  President 
who  shall  have  held  that  office  for  two  consecutive  years  ;  the 
Vice-Presidents  for  two  years,  and- the  Mauagers  for  three  years; 
and  no  Vice-President  or  Manager  shall  be  eligible  for  immediate 
re-election  to  the  same  office  at  the  expiration  of  the  term  for 
which  he  was  elected. 

Art.  22.  A  Secretary,  who  shall  be  a  member  of  the  Society, 
shall  be  appointed  for  one  year  by  a  majority  of  the  members  of 
the  Council  at  its  first  meeting  after  the  annual  election,  or  as  soon 
thereafter  as  the  votes  of  a  majority  of  the  members  of  the  Council 
can  be  secured  for  a  candidate.  The  Secretary  may  be  removed 
by  a  vote  of  twelve  members  of  the  Council,  at  any  time  after  one 
month's  notice  has  been  given  him  by  a  majority  of  its  members 
to  show  cause  why  he  should  not  be  removed,  and  he  has  been 
heard  to  that  effect.  The  Secretary  may  take  part  in  any  of  the 
deliberations  of  the  Council,  but  shall  not  have  a  vote  therein. 
His  salary  shall  be  fixed  for  the  time  he  is  appointed  by  a  majority 
vote  of  the  Council. 

Art.  23.  At  each  annual  meeting,  a  President,  three  Vice-Presi- 
dents, three  Managers  and  a  Treasurer  shall  be  elected,  and  the 
term  of  office  of  each  shall  continue  until  the  end  of  the  meeting 
at  which  their  successors  are  elected. 

Art.  24.  The  duties  of  all  officers  shall  be  such  as  usually  per- 
tain to  their  offices  or  may  be  delegated  to  them  by  the  Council 
or  by  the  Society.  The  Council  may,  in  its  discretion,  require 
bonds  to  be  given  by  the  Treasurer. 

Art.  25.  The  Council  may,  by  vote  of  a  majority  of  all  its 
members,  declare  the  place  of  any  officer  vacant,  on  his  failure  for 
one  year,  from  inability  or  otherwise,  to  attend  the  Council  meet- 
ings, or  to  perform  the  duties  of  his  office.  All  such  vacancies 
and  those  occurring  by  death  or  resignation  shall  be  filled  by  the 
appointment  of  the  Council,  and  any  person  so  appointed  shall 
hold  office  for  the  remainder  of  the  term  for  which  his  predecessor 
was  elected  or  appointed;  'provided  that  the  said  appointment 
shall  not  render  him  ineligible  at  the  next  annual  meeting. 

Art.  26.  Five  members  of  the  Council  shall  constitute  a  quorum  ; 
but  the  Council  may  appoint  an  Executive  Committee,  or  business 
may  be  transacted  at  a  regularly  called  meeting  of  the  Council,  at 
which  less  than  a  quorum  is  present,  subject  to  the  approval  of 
a  majority  of  the  Council,  subsequently  given  in  writing  to  the 
Secretary  and  recorded  by  him  with  the  minutes.     Absent  mem- 
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bers  of  the  Council  may  vote  by  proxy  upon  subjects  stated  in  the 
call  for  a  meeting,  said  proxy  to  be  deposited  with  the  Secretary. 

Art.  27.  The  President  on  assuming  office  shall  appoint  a 
Finance  Committee  and  a  Publication  Committee  and  a  Library 
Committee  of  five  members  each.  The  appointment  of  two  mem- 
bers of  each  Committee  shall  expire  at  the  end  of  each  year.  The 
Secretary  shall,  ex  officio,    be  a  member  of  all  three  Committees. 

Art.  28. — The  Finance  Committee  shall  have  power  to  order 
all  ordinary  or  current  expenditures,  and  shall  audit  all  bills  there- 
for. No  bill  shall  be  paid  except  upon  their  audit.  "When  spe- 
cial appropriations  are  ordered  by  the  Society,  they  shall  not  take 
effect  until  they  have  been  referred  to  the  Council  and  Finance 
Committee  in  conference. 

Art.  29.  It  shall  be  the  duty  of  the  Publication  Committee  to 
receive  all  papers  contributed,  to  decide  which  shall  be  published 
in  the  Transactions,  and  which  shall  be  read  in  full  at  the  meetings. 

Art.  30.  It  shall  be  the  duty  of  the  Library  Committee  to  take 
charge  of  the  collection  of  all  material  for  the  Library  of  the  So- 
ciety, and  to  supervise  all  regulations  for  its  use. 


ELECTION  OF  OFFICERS. 

Art.  31.  At  the  regular  meeting  preceding  the  annual  meeting 
a  nominating  committee  of  five  members,  not  officers  of  the  Soci- 
ety, shall  be  appointed,  and  this  committee  shall,  at  least  thirty 
days  before  the  annual  meeting,  send  to  the  Secretary  the  names 
of  nominees  for  the  offices  falling  vacant  under  the  rules.  In  ad- 
dition to  such  regularly  appointed  committee,  any  other  five  mem- 
bers or  associates,  not  in  arrears,  may  constitute  an  independent 
nominating  committee,  and  may  present  to  the  Secretary,  at  least 
thirty  days  before  the  annual  meeting,  all  the  names  of  such  can- 
didates as  they  may  select.  All  the  names  of  such  independent 
nominees  shall  be  placed  upon  the  ballot  list  with  nothing  to  dis- 
tinguish them  from  the  nominees  of  the  regular  committee,  and 
the  Secretary  shall  at  once  mail  the  said  list  of  names  to  each 
member  and  associate  in  the  form  of  a  letter  ballot,  it  being  un- 
derstood that  the  assent  of  the  nominees  shall  have  been  secured 
in  all  cases. 

Art.  32.  In  the  election  of  Vice-Presidents,  each  member  and 
associate  may  cast  as  many  votes  as  there  are  Vice-Presidents  to 
be  elected.     He  may  give  all  these  votes  to  one  candidate,  or  dis- 
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tribute  them  among  more,  as  he  chooses.  Managers  shall  be 
voted  for  in  the  same  war. 

Art.  33.  Any  member  or  associate  entitled  to  vote  may  vote  bv 
retaining  or  changing  the  names  on  said  list,  leaving  names  not 
exceeding  in  number  the  officers  to  be  elected,  and  returning  the 
list  to  the  Secretary — such  ballot  inclosed  in  two  envelopes,  the 
inner  one  to  be  blank  and  the  outer  one  to  be  indorsed  bv  the 
voter.  No  member  or  associate  in  arrears  since  the  last  annual 
meeting  shall  be  allowed  to  vote  until  said  arrears  shall  have  been 
paid. 

Art.  34.  The  said  blank  envelopes  shall  be  opened  by  tellers 
at  the  annual  meeting,  and  the  person  who  shall  have  received  the 
greatest  number  of  votes  for  the  several  offices  shall  be  declared 
elected. 

MEETINGS. 

Art.  35.  The  annual  meeting  of  the  Society  shall  be  held  on 
the  first  Thursday  in  November  of  each  year,  in  the  City  of  New 
York,  unless  otherwise  ordered,  at  which  a  report  of  proceedings 
and  an  abstract  of  the  accounts  shall  be  furnished  by  the  Council. 
The  Council  may  change  the  place  of  the  annual  meeting,  and 
shall,  in  that  case,  give  timely  notice  to  members  and  associates. 

Art.  36.  Other  regular  meetings  of  the  Society  shall  be  held  in 
each  year  at  such  time  and  place  as  the  Council  may  appoint.  At 
least  thirty  days'  notice  of  all  meetings  shall  be  mailed  by  the 
Secretary  to  members,  honorary  members,  associates  and  juniors. 

Art.  37.  Special  meetings  may  be  called  whenever  the  council 
may  see  fit;  and  the  Secretary  shall  call  a  special  meeting  at  the 
written  request  of  twenty  or  more  members.  The  notices  for 
special  meetings  shall  state  the  business  to  be  transacted,  and  no 
other  shall  be  entertained. 

Art.  38.  Any  member,  honorary  member  or  associate  may 
introduce  a  stranger  to  any  meeting ;  but  the  latter  shall  not  take 
part  in  the  proceedings  without  the  consent  of  the  meeting, 

Art.  39.  Every  question  which  shall  come  before  the  Society 
shall  be  decided,  unless  otherwise  provided  by  these  rules,  by  the 
votes  of  a  majority  of  the  members  and  associates  present,  pro- 
vided there  is  a  quorum. 

Art.  40.  At  any  regular  meeting  of  the  Society  thirteen  or  more 
members  and  associates  shall  constitute  a  quorum. 

Art.  41.  Unless  otherwise  ordered,  papers  shall  be  read  in  the 
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order  in  which  their  text  is  received  by  the  Secretary.  Before 
any  paper  appears  in  the  Transactions  of  the  Society  a  copy  of 
the  paper  shall  be  sent  to  the  author,  and,  so  far  as  possible,  a 
copy  of  the  reported  discussion  shall  be  sent  to  every  member 
who  took  part  in  the  same,  with  requests  that  attention  shall  be 
called  to  any  errors  therein. 

Art.  42.  The  Society  shall  claim  no  exclusive  copyright  in 
papers  read  at  its  meetings,  nor  in  reports  of  discussions,  except 
in  the  matter  of  official  publication  with  the  Society's  imprint,  as 
its  Transactions.  The  Secretary  shall  have  sole  possession  of 
papers  between  the  time  of  their  acceptance  by  the  Publication 
Committee  and  their  reading,  together  with  the  drawings  illustrat- 
ing the  same ;  and  at  the  time  of  such  reading,  or  as  soon  there- 
after as  practicable,  he  shall  cause  to  be  printed,  with  the  authors' 
consent,  copies  of  such  papers,  "  subject  to  revision,1'  with  such 
illustrations  as  are  needed  for  the  Transactions,  for  distribution 
to  the  members  and  for  the  use  of  technical  newspapers,  American 
and  foreign,  which  may  desire  to  reprint  them  in  whole  or  in  part. 
The  policy  of  the  Society  in  this  matter  shall  be  to  give  papers 
read  before  it  the  widest  circulation  possible,  with  the  view  of 
making  the  work  of  the  Society  known,  encouraging  mechanical 
progress,  and  extending  the  professional  reputation  of  its  members. 

Art.  43.  The  author  of  each  paper  read  before  the  Society 
shall  be  entitled  to  twelve  copies,  if  printed,  for  his  own  use,  and 
all  members  shall  have  the  right  to  order  any  number  of  reprints 
of  papers  at  a  cost  to  cover  paper  and  printing  ;  provided,  that 
said  copies  are  not  intended  for  sale. 

Art.  44.  The  Society  is  not,  as  a  body,  responsible  for  the 
statements  of  fact  or  opinion  advanced  in  papers  or  discussions, 
at  its  meetings  ;  and  it  is  understood  that  papers  and  discussions 
should  not  include  matters  relating  to  politics  or  purely  to  trade. 

AMENDMENTS. 

Art.  45.  These  rules  may  be  amended,  at  any  annual  meeting, 
by  a  two-thirds  vote  of  the  members  present ;  provided,  that  writ- 
ten notice  of  the  proposed  amendment  shall  have  been  given  at  a 
previous  meeting, 
c 
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OF  THE 

AMERICAN  SOCIETY  OF  MECHAMCAI  ENGINEERS. 

(XlVth) 

New  York,  November,  1886. 


Local  Committee  of  Arrangements: — Wm.  H.  Wiley,  Chairman;  F.  R. 
Hlttox,  Secretary;  J.  C.  Bayles,  Wm.  Lee  Church,  Jas.  A.  Crouthers,  Charles 
E.  Emery,  Thomas  A.  E<tison,  H.  S.  Hayward,  Wm.  Hewitt,  Henry  Morton,  Ed- 
ward Weston, 

The  opening  session  was  called  to  order  in  the  hall  of  the  New 
York  Academy  of  Medicine,  No.  12  West  31st  Street,  at  8.30  p.m., 
on  Monday,  November  29th.  The  chair  was  taken  by  Vice- 
President  Henry  E.  Towne,  of  Stamford,  in  the  absence  of  the 
President,  Mr.  Coleman  Sellers,  of  Philadelphia.  The  latter  was 
in  Europe  on  account  of  ill  health,  and  had  sent  a  letter  of  regret, 
which  was  read  by  the  Secretary. 

The  acting  president  in  calling  the  meeting  to  order,  spoke  of 
the  regret  with  which  the  meeting  had  to  forego  the  pleasure 
of  listening  to  the  usual  address  of  the  President  of  the  Society, 
which  is  presented  at  this  time,  but  announced  that  such  an 
address  would  be  printed  as  a  paper  in  the  volume  of  Transac- 
tions when  the  strength  of  the  President  should  enable  him  to 
complete  it.  The  veteran  engineer,  Mr.  Horatio  Allen,  honorary 
member  of  the  Society  was  then  introduced,  and  spoke  of  the 
early  engineering  enterprise  of  this  country  in  the  locomotive  and 
steamship  development.     Prof.  R.  H.  Thurston,  at  the  close  of 
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the  address,  moved  a  vote  of  thanks  to  Mr.  Allen,  which  was 
seconded  by  Prof.  TV.  P.  Trowbridge  and  Mr.  H.  R.  Towne. 
After  some  announcements  by  the  Secretary,  and  the  appointment 
by  the  chair  of  Messrs.  Van  Winkle,  Heminway  and  White  to 
act  as  tellers  to  count  the  ballots  cast  for  officers  to  be  chosen  at 
this  meeting,  the  Society,  adjourned  for  a  social  reunion  and  sup- 
per in  the  lower  room  and  parlors. 

Second  Day.     Tuesday,  November  30th. 

The  second  session  was  called  to  order  at  10  a.m.,  in  the  Hall 
of  the  New  York  Academy  of  Medicine. 

The  Secretary's  Eegister  showed  the  following  members  in 
attendance,  during  the  successive  meetings,  and  quite  a  number 
of  ladies  joined  the  excursions  : 

Alden,  GT.  I Worcester,  Mass. 

Allen,  Francis  B Hartford,  Conn. 

Allen,  Horatio  (honorary  member) Orange.  N.  J. 

Allen,  John  F New  York  City. 

Almond,  T.  R Brooklyn,  N.  Y. 

Ash  worth,  Daniel Pittsburgh,  Pa. 

Babcock,  Geo.  H New  York  City. 

Baker,  W.  S.  G Baltimore,  Md. 

Bailey,  Jackson New  York  City. 

Baldwin,  S.  W New  Y'ork  City. 

Barnard,  Geo.  A New  York  City. 

Bayles,  Jas.  C New  York  City. 

Beardsley,  Arthur S warthmore,  Pa. 

Betts,  'William Wilmington,  Del. 

Bellhouse,  R.  W Syracuse.  5T.  Y. 

Bilgram,  Hugo Philadelphia,  Pa. 

Bond,  Geo.  M Hartford,  Conn. 

Booraem,  J.  V.  Y Brooklyu,  N.  Y. 

Borden,  T.  J Fall  River,  Mass. 

Brady,  Jas Brooklyn,  N.  Y. 

Brooks,  Morgan Boston,  Mass. 

Bulkier,  H.   VY New  Y'ork  City. 

Butterworth,  Jas Philadelphia,  Pa." 

Campbell.  A.  C Bridgeport,  Conn. 

Capen,  T.  W Stamford.  Conn. 

Carpenter,  B.  C Lansing,  Mich. 

Church,  VY.  L New  York  City. 

Clarke,  C.  L New  York  City. 

Clarke,  S.  J ' New  York  City. 

Cole,  J.  VY ( 'olumbns,  O. 

Colin,  Alfred New  Y'ork  City. 
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Schleicher,  A.  W Philadelphia,  Pa. 

Schuhmann,   George Reading,  Pa. 

See,  Horace Philadelphia,  Pa. 
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Smith,  Oberlin Bridgeton,  N.  J. 
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Thurston,  R.  H Ithaca,  N.  Y. 

Torrance,   Kenneth Brooklyn,  N.  Y. 

Towne,  H.  R.  {Acting  President) Stamford,  Conn. 
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Williams,  J.  Newton Brooklyn,  N.  Y. 

Williams,  S.  T Philadelphia,  Pa. 

Winter,    Herman New  York  City. 
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A  number  of  gentlemen  were  also  registered  as  guests  of  the 
Society  during  the  convention. 

The  first  business  in  order  was  the  Report  of  the  Council, 
which  was  read  by  the  Secretary  as  follows : 

KEPOKT    OF    THE    COUNCIL. 

The  Council  would  present  its  Annual  Report  to  the  Society 
under  the  Rules.  It  has  held  seven  meetings  during  the  year  for 
the  transaction  of  business,  and  the  following  is  a  summary  of  its 
action  : 

The  Committee  on  Rules  for  Debate  presented  a  scheme  for 
conducting  this  business,  which  went  into  effect  at  the  Xlllth 
meeting  in  Chicago  in  May,  1886,  and  will  be  found  in  the  Yllth 
Volume  of  the  Transactions  of  the  Society,  page  408. 

The  Council  has  directed,  further,  that  is  not  necessary,  under 
Rules  10-13,  to  hold  back  the  election  of  all  candidates  for  mem- 
bership until  within  thirty  days  of  a  meeting,  but  have  established 
the  precedent  of  ordering  a  ballot  whenever  twenty  applications 
are  received. 

The  Council  has,  moreover,  ordered  that  the  pin-badge  for 
members  be  made,  hereafter,  of  a  higher  grade  of  workmanship 
than  heretofore,  albeit  at  an  advanced  cost.  These  badges  are 
now  furnished  at  $4.50  under  contract  with  the  Society,  and  by  a 
special  system  of  order  as  called  for. 

A  committee  has  also  reported  upon  a  system  of  precedents  in 
reference  to  members  delinquent  in  dues  under  Art.  19  of  the 
Rules.  Their  report  recommends  that  as  in  the  Rule  the  names  of 
members  who  have  not  paid  dues  for  any  year  be  dropped  from 
the  Catalogue  at  the  end  of  the  first  year  of  delinquency.  Such 
names,  however,  are  to  be  retained  upon  a  "  Suspended  List "  for 
two  more  years,  during  which  time  their  membership  may  be  re- 
sumed on  payment  of  arrears.     After  three  years,  however,  mem- 
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bership  can  only  be  resumed  by  re-election,  as  provided  in  the 
Rule.  Members  on  the  Suspended  List  receive  no  Transactions, 
nor  can  they  vote,  but  may  attend  meetings,  and  take  part 
therein. 

This  same  committee  has  also  considered  the  advisability  of  a 
change  in  the  form  of  blank  for  application  for  membership,  in 
view  of  the  growing  necessity  for  close  scrutiny  of  candidates  by 
the  Council.  The  new  form  will  be  shortly  issued  for  the  use  of 
members  and  new  applicants. 

The  Council  would  present  the  Report  of  its  Tellers  as  follows  : 

The  undersigned  were  appointed  a  Committee  of  the  Council  to 
act  as  tellers  under  Kule  13,  to  count  and  scrutinize  the  ballots 
cast  for  and  against  the  candidates  proposed  for  membership  in 
the  Society  of  Mechanical  Engineers,  and  seeking  election  before 
the  fourteenth  meeting  of  the  Society,  in  November,  1886. 

They  would  report  that  they  have  met  upon  the  designated 
days  in  the  office  of  the  Society,  and  proceeded  to  the  discharge 
of  their  duties. 

They  would  certify,  for  formal  insertion  in  the  Records  of  the 
Society,  to  the  election  of  the  appended  named  persons  to  their 
respective  grades  upon  the  Lists  Number  One  and  Number  Two, 
colored,  respectively,  pink  and  yellow. 

There  were  293  votes  cast  in  the  ballot  upon  the  pink  list,  of 
which  11  were  thrown  out  because  of  informalities,  and  there  were 
334  votes  cast  using  the  yellow  ballot,  of  which  8  were  thrown  out 
because  of  informalities. 

The  list  is  appended  below. 

W.  F.  Dtjkfee,  [  Tellers  of  the 
Wm.  Kent,         [      Council. 

AS   MEMBERS. 

Briggs,  Charles  C Pittsburgh,  Pa. 

Bellhouse,  K.  Wynyard  Syracuse,  X.  T. 

Blake,  Francis  C Mansfield  Valley,  Pa. 

Cook,  Frederic    New  Orleans,  La. 

Corliss,  William Providence,  R.  I. 

('ottrell,  Calvert  B New  York  City. 

Cullen  James  K Chicago,  111. 

Davidson,  Marshall  T. New  York  City. 

DeMoutmorency,  Carl  G.  L Warren,  Mass. 

Dicey,  Elmer  C Chicago,  111. 
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Folger,  William  M Washington,  D.  C. 

Gale,  Horace  B St.  Louis,  Mo. 

Goodale,  A.  M Waltliam,  Mass. 

Goodfellow,  George Steelton,  Pa. 

Hanson,  Augustus Chicago,  111. 

Hortmng,  George Cincinnati,  Ohio. 

Hunt,  Joseph Catasaqua,  Pa. 

Keuler,  J.  A Ottumwa,  Iowa. 

King;  Charles  C New  Brighton,  N.  Y. 

Lanphear,  O.  A. Columbus,  O. 

Lavery,  George  L Chicago,  111. 

Ludlam,  Jos.  S Lowell,  Mass. 

McBride,  James Brooklyn,  N.  Y. 

Packard,  L West  Albany,  N.  Y. 

Pearson,  W.  B Cleveland,  0. 

Plamondon,  Ambrose Chicago,  111. 

Plamondon,  Charles  A Chicago,  111. 

Pope,  Samuel  I Chicago,  111. 

Ramsay,  H.  A Baltimore,  Md. 

Roberts,  F.  C Trenton,  N.  J. 

Ruth,  W.   M Fort  Wayne,  Ind. 

Sauguinetti,  Percy  A Phila.,  Pa. 

Sheriffs,  James Milwaukee,  Wis. 

Sorge,  A.,  Jr: Rochester,  N.  Y. 

Steward,  John  F    Chicago,  111. 

Taylor,  J.  Archie Wilmington,  Del. 

Uhnann,  Charles  J Providence,  R.  I. 

Uuger,  John  S Steelton,  Pa. 

Waddell,  J.  A.  L Phoenixville,  Pa. 

Walworth,  Arthur  C Boston,  Mass. 

Webber,  Henry,  Jr Dunmore,  Pa. 

AS  ASSOCIATES. 

Dick,  John Meadville,  Pa. 

Rupley,  George Dul  uth,  Minn. 

AS  JUNIORS. 

Armstrong,  E.  J Painted  Post,  X.  Y. 

Dixon,  W.  F New  York  City. 

Lidgerwood,  Wm.  V New  York  City. 

PROMOTIONS   TO   FULL   MEMBERSHIP. 

Roche,  John  A.,  Associate  of  the  A.  S.  M.  E Chicago,  111. 

Greene,  Isaac  C,  Junior  of  the  A.  S.  M.  E Baltimore,  Md. 

The  Council  would  also  report  the  following  summary  of  the 
membership : 
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Honorary  Members 15 

Life  Members 7 

Members 590 

Associates 25 

Juniors 31 

Total    668 

Increase  at  tbis  meeting  : 

Members 41 

Associates 2 

Juniors 3 

Grand  Total 714 

The  losses  by  death  since  the  last  annual  meeting  have  been  as 
follows : 

Frederick  E.  Butterfield Member. 

Daupbine  S.  Hines " 

Tbeodore  Berguer " 

Emile  F.  Loiseau " 

Jobn  C.  Hoadley  .  .    " 

The  Eeport  of  the  Finance  Committee  to  the  Council  at  its 
final  meeting  was  also  read,  giving  the  summary  of  their  work 
during  the  fiscal  year  just  closed.  ,  This  report  was  as  follows  : 

The  Finance  Committee,  would  respectfully  report  to  the 
Council  the  following  statement  of  the  receipts  and  expenditures 
of  the  Society,  under  their  direction,  for  the  twelve  months  end- 
ing November  1st,  1886. 

The  receipts  have  been  as  follows  : 

Initiation  Fees $1,835  00 

Current  Dues 6,242  00 

Past  Dues , 273  00 

Advance  Dues 57  10 

Paper  Sales 572  03 

Binding 322  10 

Library  (Permanent) 125  43 

Library  (Current  Expenses) 243  30 

Badges 242  78 

Engraving 19?  17 

Life  Membersbip 150  00 

Contingent 22  77 

Balance  on  band  November  1st,  1885 789  43 

$11,073  11 
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The  expenditures  have  been  as  follows  : 

Printing  and  Stationery $545  18 

Postage 564  46 

Library 137  20 

Salaries 2,210  00 

Expense  and  Rent 960  82 

Engraving 848  10 

Binding 329  60 

Meetings 375  50 

Work  of  Committees 41  55 

Office  Furniture  and  Fixtures 50  98 

Badges 157  50 

Traveling 138  15 

Printing  Transactions 3,695  51 

Refund  Advance  of  Treasurer 22  77 

Refund  Advance  Dues  paid 11  10 

Total  Expenditures  of  Year $10,088  42 

Balance  on  hand  November  1,  1885 .  .  984  69 

$11,073  11 

Of  this  balance,  $831.73  stands  to  the  credit  of  the  Society  in 
the  Bleecker  Street  Savings  Bank,  and  8152.96  is  in  the  hands  of 
the  Treasurer  as  a  Balance  to  carry  forward  to  the  next  fiscal 
year. 

There  remains  $551.87  on  the  books,  outstanding,  as  due  to 
the  Society,  from  the  membership.  Of  this  sum,  over  $270  comes 
over  from  last  year,  and  $320  of  it  is  probably  uncollectable. 
There  is  every  probability  that  the  rest  will  be  paid  in  when  the 
financial  embarrassments  are  removed  from  the  indebted  mem- 
bers. 

The  increase  in  the  expenditures  over  previous  years  is  due  to 
the  growing  size  of  the  volumes  of  Transactions,  and  the  entailed 
expense  for  printing,  engraving  and  distribution.  During  this 
year  also  the  Society  has  paid  for  many  items,  for  which  the  bills 
have  been  presented  in  previous  years,  after  the  date  of  the 
Annual  Report.  This  is  due  to  the  earlier  date  at  which  papers 
are  issued  before  the  meeting,  and  there  are  so  many  less  bills 
outstanding  against  the  Society  chargeable  to  next  year's  income. 
Respectfully  submitted, 

By  the  Finance   Committee. 

The  Library  Committee  Report  was  also  presented  by  its 
Chairman,  and  read  by  the  Secretary,  as  follows: 
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In  accordance  with  the  resolutions  adopted  at  a  previous 
meeting  of  the  Society,  active  measures  have  been  taken  for  the 
creation  of  a  library,  in  the  manner  recommended  by  the  report 
of  the  Committee  submitted  at  that  meeting. 

To  this  end  the  Secretary  issued  a  circular  to  the  membership, 
explanatory  of  the  scheme,  and  soliciting  subscriptions  in  any  of 
the  three  following  forms,  viz.: 

(a)  Annual  subscriptions  to  a  permanent  fund,  of  $10  or  up- 
wards (payable  in  installments  if  preferred). 

To  this  there  have  been  responses  since  the  last  Report,  Vol. 
VII.  Transactions,  page  13,  from  six  members,  viz.: 

C.C.Hill $25.00 

G.  R   Cuilingworth 10.00 

Ferd.  Martens 10.00 

Horace  See 10.00 

W.  P.  Parsons 5.00 

A.  H.  Eavnal 5.00 

$65.00 

Previously  reported  in  last  anunal  report 613.40 

Total $678.40 

(b)  Annual  subscriptions  to  an  amount  of  $2,  payable  at  the 
same  times  as  the  annual  dues. 

To  this  there  have  been  responses  since  the  last  report  above 
referred  to,  fi'om  thirty-one  members,  viz.: 

A.  H.  Raynal,  W.  F.  Rumely,  Frank  Grinnell, 

Albert  W.  Jacobi,  J.  F.  Sorzano,  Harry  C.  Francis, 

Ferd.  Phillips,  O.  W.  Kelly,  Clias.  H.  Loring, 

C.  C.  Hill,  Wm.  Sellers,  Tbeo.  N.  Ely. 

W.  H.  Doane,  Chas.  A.  Moore,  Geo.  Hayes, 

Geo.  H.  Perkins,  E.  K.  Sancton,  J.  N.  Barr, 

F.  D.  Cummer,  W.  H.  Inslee,  W.  H.  Boue, 

Gaetano  Lanza,  N.  C.  Stiles,  Eckley  B.  Coxe, 

Ferd.  Martens,  Cbas.  P.  Howard,  John  Walker, 

F.  M.  Wheeler,  Isaac  C.  Greene,  Hillary  Messimer, 
C.  Potter,  Jr. 

Whose  annual  subscriptions  form  a  total  of $62.00 

The  previous  subscriptions,  given  in  the  last  report  were. .      169.00 

Making  a  total  yearly  fund  to  draw  upon,  of $231.00 

There  are  therefore  114  members  now  regularly  contributing  to 
this  fund  by  this  plan  of  small  increase  in  the  dues,  and  it  is 
urged  that  all  others  who  can  conveniently  do  so,  should  co-oper- 
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ate  in  the  further  extension  of  this  plan,  and  thus  induce  a  more 
general  interest  among  the  members. 

(c)  Direct  contributions  of  books  and  papers  of  value. 

To  this  there  have  been  a  number  of  responses  during  the  year, 
particularly  by  members  residing  abroad.  The  following  list  con- 
tains the  contributions  not  catalogued  in  the  previous  report. 

By  Samuel  McElroy  : 

Original  and  Present  State  of  Brooklyn  Water  Works. 

Water  Power  at  Niagara  Falls. 
By  G.  A.  Hirn  : 

La  Cinetique  Moderne  et  la  dynaraisme  de  l'Avenir. 

La  Conservation  de  l'Euergie  Solaire. 

Notice  sur  les  Lois  du  Frottement. 

Recherches  sur  les  Lois  de  l'ecoulement  et  du  Choc  des  Gaz. 

Remarques  relatives  a  une  Critique  du  Zeuner. 

Biographie  de  O.  Hallauer. 

Recherches  Experimental es  sur  la  Limite  de  la  Vitesse  que  prend  un  Gaz. 

Relations  reciproques  des  grands  Agents  de  la  Nature. 

Remarques  par  M.  Faye  sur  la  Vitesse  de  Gaz. 

Reflexions  sur  une  Critique  de  M.  Hugioniat. 
By  G.  A.  Hirn  and  0.  Hallauer  : 

Refutations,  une  Critique  de  M.  Zeuner. 
By  0.  Hallauer  (Deceased)  : 

Etude  Critique  sur  les  Moteurs  a  Vapeur.     7  Pamphlets. 

Resume  de  la  Theorie  Mecauique  de  la  Cualeur.     2  Pamphlets. 

Compression  de  la  Vapeur. 

Note  sur  les  Variations  du  Vide. 

Note  sur  une  Modification  de  l'lndicateur  de  Watt. 

Note  sur  la  Construction  du  Thermometre  differential  a  Air. 

Analyse  de  deux  Machines  Corliss. 
By  J.  T.  Henthorn  : 

Report  upon  the  Pumping  Engine  at  Pettaconset  Station. 
By  William  Kent  : 

Engineering  as  a  Profession. 
By  J.  Burkitt  Webb  : 

The  Second  Law  of  Thermodynamics. 
By  George  H.  Bleloch  : 

The  Art  of  Needle  Making. 
By  W.  H.  Durfee  : 

The  Mitis  Process  of  Producing  Wrought  Iron  and  Steel  Castings. 
By  William  A.  Rogers  : 

The  German  Survey  of  the  Northern  Heavens. 

On  the  Method  of  Determining  the  Index  Error  of  the  Meridian  Circle. 

Studies  in  Metrology. 

The  Reduction  of  the  Different  Star  Catalogues  to  a  Common  System. 

Micrometry. 
By  J.  Bauschinger: 

Protokoll  of  the  Second  and  Third  Sessions^of  the  Conference  in  Reference 
to  Testing  of  Materials. 
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By  Henri  Schneider  : 

Essais  Effectues  snr  un  Machine  Corliss  a  Creusot. 
By  R.  Clausius  : 

Zur  Theorie  der  Kraftubertragung  durch  Dynamo-electrische  Mascbinen. 

2  Pamphlets. 
By  H.  Tresca  (Deceased) : 

Resultats  sur  les  Machines  et  les  Regulateurs  d'Electricite  a  courant  con- 
tinu. 

Conference  sur  la  Transmission  du  Travail  mechanique  par  les  Courants 
electriques. 

Experiences  faites  a  l'Exposition  Electrique. 
By  Francis  Reuleaux  : 

Dampfkessel  Explosionen  im  Dentschen  Reiche,  1877-1881. 

Cultur  und  Technik. 

Neuerungen  in  Ferntriebwerken. 
By  J.  J.  Kunstadter  : 

Report  of  Experiments  with  U.  S.  S.  S.  "  Nina,"  with  rudder  alone  and 
Kunstadter's  Screw. 
By  William  Cowles  : 

The  "Oram  System"  of  Marine  Propulsion. 
By  Charles  T.  Main  : 

Relative  Costs  of  Steam  and  Water  Power. 
By  J.  C.  Hoadley  (Deceased)  : 

Steam  Engine  Practice  of  the  United  States. 
By  Horace  See  : 

Utilizing  Steam  of  the  Higher  Pressure. 
By  F.  R.  Hutton  : 

Improvement  in  Locomotive  Engines  and  Railways,  by  George  E.  Sellers. 
By  C.  J.  H.  Woodbury  : 

Reports  1  and  2  on  Automatic  Sprinklers. 

Electric  Lighting  in  Mills. 

The  Relation  of  Electric  Lighting  to  Insurance. 

Protection  of  City  Warehouses  from  Loss  by  Fire. 
By  Dwelsbauvers-Dery  : 

Les  Decouvertes  recentes  concernant  la  Machine  a  Vapeur.    Calcul  du  rayon 
des  Bobines  des  Machines  d'Extraction. 

Sur  la  Forme  du  Tambour  Regulateur  des  Machines  d'Extraction. 

Note  sur  la  Compression  de  Vapeur. 

De  la  Regulation  de  Machines. 

Le  Regulateur  de  Buss.  ' 

Report  sur  la  Section  de  Mechanique  de  l'Exposition  Nationale  de  Milan. 

Theorie  des  Moteurs  a  Vapeur. 

Revue  des  Machines  thermiques  motrices  exposes  a  Paris. 

Revue  des  Machines  thermiques  motrices  exposes  a  Vienne. 

Programme  du  Cours  de   Mechanique   appliquee  et  de  Physique  indus- 
trielle. 

Principes  de  la  Resistance  des  Materiaux. 
W.  S.  Auchincloss  : 

Practische  Anwendung  der  Schieber  und  Coulissensteuerungen. 
Henry  Metcalfe  : 

The  Cost  of  Manufactures  and  the  Administration  of  Work  Shops. 
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J.  Bauschinger  : 

Mittheilungen  aus  dem   Meehanisch  Tecbnischen  Laboratoiiuin.      Parts, 
1  to  15. 
John  H.  Cooper : 

Ruskin's  Moderu  Painters.     5  vols. 
Time  and  Tide.     L.  Ruskiu. 
Life  and  Travels  of  Von  Humboldt. 

Together  with  twenty  other  books  which  have  not  been  as  yet  put  upon 
the  Library  Catalogue,  in  view  of  their  more  remote  connection  with 
the  special  objects  for  which  the  Library  is  being  collected. 

Annual  Reports. 

City  Engineers Toronto,  Canada. 

Harbor  Commission Montreal,  Canada. 

Proceedings  of  Societies. 

Associated  Societies  of  County  Surveyors  and  Civil  Engineers  of  Indiana. 

American  Water  Works  Association. 

Michigan  Association  of  Surveyors  and  Civil  Engineers. 

Michigan  Engineering  Society. 

It  is  known,  however,  that  many  members  have  issued  books 
or  professional  publications  during  the  year,  which  are  not  repre- 
sented in  the  Library.  The  advantage  to  the  Library  of  such 
gifts  froin  the  members  is  so  obvious  that  it  is  only  necessary  to 
ask  your  more  particular  attention  to  the  matter  in  the  future  than 
it  has  received  in  the  past. 

Moreover,  since  the  previous  report,  the  Society  has  acquired 
by  purchase,  vols.  4  to  12  inclusive,  of  London  Engineering,  which 
were  lacking  at  that  time,  and  then-  set  is  now  complete  with  the 
exception  of  vols.  I,  2  and  3,  and  vols.  29  to  33  inclusive,  which 
the  Committee  would  be  very  glad  to  obtain,  so  as  to  make  their 
set  complete  from  the  beginning. 

During  this  year  also  efforts  have  been  made  to  complete  the 
back  files  of  the  periodicals  taken  at  the  office,  and  in  addition  to 
the  files  of  current  numbers  given  below,  the  Library  contains 
back  issues  as  follows  : 

American  Engineer,  Chicago.     Complete  from  beginning  of  vol.  2,  1881. 
Electrical  Review,  Xew  York.     Complete  from  beginning  of  vol.  3,  1883,  and 

vol.  2  is  complete  except  the  first  six  numbers. 
Manufacturers'  Gazette,  Boston.     Complete  from  the  beginning  of  vol.  6,  1884. 
American  Machinist.     Complete  from  the  beginning  of  vol.  1,  except  No.  1,  of 

vol.  1. 
American  Journal  of  Railway  Appliances.     Complete  from  vol.  1,  1883. 
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Cotton,  Wool  and  Iron,  and  Boston  Journal  of  Commerce.     Complete  from  begin- 
ning of  vol.  23,  1884. 
Chicago  Journal  of  Commerce.     Complete  from  beginning  of  vol.  44,  1884. 
Electrical  Review  of  England.     Complete  vol.  13,  1883. 
Mechanics.     Complete  from  vol.  1. 

Official  Gazette,  Patent  Office.     Complete  from  vol.  26,  1884. 
Engineering  and  Mining  Journal.     From  vol.  29,  1880. 
Naiional  Car  Builder.     From  vol.  2,  1880. 
Railroad  Gazette.      From  vol.  15,  1883. 

Van  Nostrand's  Engineering  Magazine.     From  vol.  22,  1880. 
Industrial  World,  Chicago.     From  vol.  20.  1883. 
The  Engineer  of  England,  begins  with  vol.  58,  1881. 
Iron,  England,  begins  with  vol.  24,  1884. 

Mechanical  World  and  Steam  Usei>' Journal,  England,  begins  with  vol.  17,  1884. 
Engineering  News,  begins  with  January,  1886. 
American  Miller,  begins  with  January,  1886. 
Railway  News,  begins  with  January,  1886. 

If  any  of  the  members  know  of  any  facilities  for  supplying  any 
of  the  previous  issues  of  the  above  mechanical  journals,  thej^ 
will  confer  a  favor  by  putting  the  Committee  in  the  way  of  secur- 
ing them. 

LIST   OF   EXCHANGES. 

Zpravy  Spolku  Architektu  a  Inzenyru.     Prague. 

Ingenioers-Foreningens  Forhandlinger.     Stockholm. 

Miuing  Institute  of  Scotland.     Hamilton. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineering.      Newcastle. 

Institute  of  Mechanical  Engineering  of  Great  Britain.     London. 

Institute  of  Civil  Engineering  of  Ireland.     Dublin. 

Mechanical  World.     Loudon. 

Engineering.     London. 

The  Engineer.     London. 

Iron.     London. 

Electrical  Review.     London. 

Master  Car  Builders'  Association.     New  York. 

Engineers'  Club  of  Philadelphia.     Philadelphia. 

Engineers'  Society  of  West  Penn.     Pittsburgh. 

United  States  Naval  Institute.     Annapolis. 

Franklin  Institute.     Philadelphia. 

American  Society  of  Civil  Engineers.     New  York. 

American  Institute  of  Mining  Engineers.     New  York. 

Associated  Engineering  Societies.     St.  Louis. 

American  Journal  of  Railway  Appliances.      New  York. 

Electric  Review.     New  York. 

Chicago  Journal  of  Commerce.     Chicago. 

Boston  Journal  of  Commerce.     Boston. 

Industrial  World.      Chicago. 

American  Engineer.     Chicago. 

Manufacturers'  Gazette.      Boston. 

American  Machinist.     New  York. 
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Mechanics.     New  York. 
Railroad  Gazette.     New  York. 
Engineering  and  Mining  Journal.     New  York. 
Institution  of  Engineers  and  Shipbuilders  of  Scotland.     Glasgow. 
Northeast  Coast  Institute  of  Engineers  and  Shipbuilders.     Newcastle  on  Tyne. 
Societe  des  Ingenieurs  Civils  de  France.     Paris. 
National  Car  Builder.     New  York. 
American  Miller.     Chicago. 
Engineering  News.     New  York. 
United  States  Patent  Office.     Washington,  D.C. 
Van  Nostrand'a  Magazine.     New  York. 
Railway  News.     New  York. 

Conservatoire  des  Arts  et  Metiers.     Paris,  France. 
Polytechnic  Society  of  Norway.     Christiana.     ' 
Liverpool  Engineering  Society.     Liverpool,  Eng. 

The  Society  of  Arts.     Massachusetts  Institute  of  Technology.     Boston. 

Respectfully  submitted 

by  the  Library  Committee. 


The  Committee  on  securing  the  passage  of  a  bill  for  the  ap- 
pointment of  a  U.  S.  Commission  to  test  materials,  etc.,  presented 
its  final  report  &s  follows  : 

To  The  American  Society  of  Mechanical  Engineers. 
Gentlemen: — 

Your  Committee  beg  respectfully  to  report  that  since  the  last  Annual  Meeting 
they  have  been  actively  engaged  in  endeavoring  to  further  the  object  of  their  ap- 
pointment. They  were  in  conference  with  members  of  Congress  before  it  met, 
and  immediately  after  its  opening  a  bill  for  the  appointment  of  a  Test  Commission 
was  introduced.  Engineers  were  then  written  to  all  over  the  United  States,  ask- 
ing them  to  urge  their  representatives  in  Congress  and  their  senators  to  vote  for  the 
bill.  Many  assurances  of  sympathy  in  the  bill  and  determination  to  work  for  it 
were  received  from  members  of  Congress  and  from  all  parts  of  the  United  States 
as  well.  After  some  delay  a  canvass  was  made  of  the  opinions  of  the  various 
members  in  the  House  of  Representatives,  and  :t  was  found  that  there  was  a 
large  majority  in  favor  of  the  bill.  Notwithstanding  all  this,  it  was  found  to  be 
impossible  (for  what  reason  your  Committee  cannot  state)  to  get  the  bill  before 
the  House  for  discussion,  although  it  was  on  the  calendar.  The  reason  which 
was  given  by  the  persons  in  charge  of  the  bill  was  that  there  was  no  politics  in 
it.  Congress  adjourned  without  reaching  the  bill.  Any  further  effort  that  is 
made  in  this  direction  will  therefore  have  to  be  made  ao  initio.  In  view  of  the 
fact  that  your  Committee  has  worked  earnestly  at  this  matter  and  has  used  every 
honorable  means  wiihin  their  knowledge  to  promote  the  passage  of  this  bill,  aud 
has  failed  for  several  successive  years,  owing  to  no  fault  of  their  own,  your  Com- 
mittee suggest  that  if  this  subject  is  to  be  further  continued  it  be  committed  to 
other  hands,  and  that  this  Committee  be  discharged  from  any  further  considera- 
tion of  this  subject. 

Yours  respectfully, 

Thos.  Egleston. 

C.  J.  II.  Woodbury. 

Oberlin  Smith. 
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This  report  haying  been  presented,  it  was  moved  and  seconded 
that  it  be  accepted  and  adopted  and  the  Committee  discharged. 

This  motion  was  carried. 

The  report  of  the  Committee  of  the  Society  on  securing  uni- 
formity in  standards  for  pipe  and  pipe-threads  was  next  presented 
by  the  Secretary  of  the  Committee,  Mr.  Geo.  M.  Bond,  and  re- 
ceived brief,  favorable  and  complimentary  discussion.  Mr.  Kent 
moved  a  vote  of  thanks,  which  was  most  cordially  seconded  by 
Mr.  Doane,  and  the  motion  was  carried. 

The  report,  as  amended  in  conformity  with  Mr.  Kent's  sugges- 
tion, is  of  so  important  a  nature,  and  particularly  in  view  of 
added  matter  which  could  not  have  been  included  in  it  at  the 
date  of  its  presentation,  that  it  is  printed  in  full  as  one  of  the 
contributed  documents  of  the  meeting,  with  appended  discussion, 
as  paper  No.  CCXXYI. 

The  Chairman  :  *  The  next  report  is  that  of  the  Committee  on 
Uniform  Methods  of  Testing.  As  a  member  of  that  committee  I 
will  report  briefly  that  we  have  made  some  progress.  Prof.  Egles- 
ton,  who  was  chairman  of  the  committee,  has  been  compelled  by 
ill  health  to  resign  the  chairmanship.  The  purpose  sought  in  the 
appointment  of  the  committee  was  to  arrive,  if  possible,  at  some 
uniform  method  of  making  tests  of  materials  whereby  the  im 
mense  amount  of  this  kind  of  work,  which  is  constantly  being 
done  all  over  the  country,  may  be  made  comparable,  so  that  the 
work  which  each  person  does  shall  be  available  not  only  to  him, 
but  to  all  others,  and  vice  versa.  The  first  step  taken  by  the  com- 
mittee was  the  sending  out  of  a  request,  accompanied  by  samples 
of  material — bars  of  iron  and  steel,  round,  square,  and  flat — to 
some  ten  or  twelve  different  concerns  having  testing  machines, 
with  the  request  that  they  would  test  these  specimens  and  make 
a  report  on  them  and  return  them.  The  reports  received  in  re- 
sponse to  that  request  were  so  variable  in  form  and  statement, 
that  a  tabulation  of  them,  which  was  made  by  Mr.  Henning,  one 
of  the  committee,  required,  if  I  remember,  very  nearly  fifty  col- 
umns, in  order  to  cover  every  kind  of  report  or  statement  made  by 
each  of  the  different  investigators.  It  was  simply  impossible  to 
make  any  general  deduction  from  returns  which  were  so  variable 
in  their  bases  of  statement ;  and  the  next  step  of  the  committee 
was  to  consider  carefully  a  form  of  standard  report  for  this  par- 
ticular purpose  ;  not  for  general  adoption,  but  a  form  which  would 

*  Mr.  Henry  R.  Towtie. 
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give  us  identical  kinds  of  information  from  each  party  who  made 
the  tests.  Such  a  blank  was  prepared,  printed,  and  sent  out,  in  this 
case,  to  twenty-two  concerns  having  testing  machines,  accompanied 
by  specimens,  consisting  of  three  each,  round  and  square  wrought 
iron  bars,  and  also  a  similar  number  of  pieces  of  steel — all  of  the 
material,  by  the  way,  being  contributed  by  manufacturers  in  aid 
of  the  work  of  the  Society.  These  test  pieces  have  now  been  out 
for  a  month  or  more  ;  many  of  them  have  been  tested  and  re- 
turned, and  we  believe  that  probably  all  of  the  parties  addressed 
will  respond  by  making  the  tests  and  giving  us  the  reports.  A 
few  of  them  who  have  already  reported  have,  in  addition  to  fur- 
nishing the  reports  of  the  tests,  given  us  considerable  information 
as  to  the  construction  of  their  machines,  as  to  their  regular 
methods  of  test,  and  other  data  which  are  of  interest.  When  all  of 
this  information  shall  have  been  received,  the  committee  proposes 
to  tabulate  it  and  put  it  in  form  for  submission  to  the  Society,  and, 
if  the  committee  can  arrive  at  an  agreement  as  to  a  standard  form 
for  a  report  blank  for  tests,  they  will  append  that,  presumably 
also  adding  some  brief  statement  of  the  rules  that  should  govern 
tests  in  order  to  make  them  comparable.  If  all  this  can  be  ac- 
complished, the  work  of  the  committee  will  undoubtedly  be  of 
value  and  interest.  We  hope  to  have  the  work  so  far  completed 
as  to  be  able  to  make  a  report  at  the  next  meeting. 

The  last  report  was  the  report  of  the  tellers  appointed  at  the 
previous  session  to  count  the  ballots  for  officers  : 

November  30th,  1886. 

The  tellers,  appointed  at  the  meeting  last  evening,  have  to  re- 
port that  they  have  finished  the  duties  assigned  them,  and  report 
the  ballot  as  follows  :  Whole  number  of  votes  cast,  353,  14  of 
which  not  indorsed. 

v  President. 

George  IT.  Babcock 335 

Scattering 3 

Vice-Presidents. 

Joseph  Morgan 341 

Chas.  T.  Porter 337 

Horace  S.  Smith 334 

Scattering 2 
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Managers. 

Frederick  G.  Coggin .' 339 

John  T.  Hawkins 337 

Thos.  B.  Morgan,  Sr 339 

Scattering None 

Treasurer. 

William  H.  Wiley 339 

Scattering None 

F.  Van  Winkle,   ) 

F.  F.  Heminway,  I  Tellers. 

H.  C.  White,       ) 

The  chairman  then  inquired  if  there  was  any  new  business  to 
be  presented  by  any  one,  before  commencing  the  reading  and  dis- 
cussion of  papers. 

He  then  briefly  reminded  the  members  of  the  new  rules  adopted 
last  year,  and  which  were  put  into  effect  in  Chicago,  and  which 
proved  satisfactory  to  all  the  members.  The  underlying  motive 
of  those  rales  is  simply  fair  play — that  each  paper  shall  have  its 
proportion  of  time,  and  that  each  member  discussing  a  paper  shall 
have  his  fair  proportion  of  time.  Five  minutes  are  allowed  for 
presenting  a  paper  by  abstract  and  five  minutes  to  each  member 
who  speaks  on  a  paper  ;  ten  minutes  being  allowed  to  those  who 
present  written  discussion.  Acting  upon  the  evident  sentiment 
of  the  Society,  as  expressed  at  the  last  meeting  in  Chicago,  the 
chair  will  have  to  call  the  time  when  it  has  elapsed. 

The  first  professional  paper  was  by  Prof.  Francis  Reuleaux,  of 
Berlin,  Germany,  honorary  member  of  the  Society,  entitled  "  Fric- 
tion of  Toothed  Gearing."  Messrs.  Lewis,  Bilgram  and  C.  A. 
Smith  presented  written  discussions,  and  Messrs.  Stirling  and 
Raynal  also  spoke.  Prof.  Thurston's  paper  on  the  "  Friction  of  the 
Non-Condensing  Steam  Engine,"  was  discussed  by  Messrs.  Barms, 
Lanza,  Kent,  Alden,  Wolff,  and  Raynal.  The  paper  by  Mr.  A. 
Wells  Piobinson,  of  Philadelphia,  entitled"  Recent  Improvements 
in  Dredging  Machinery,"  was  discussed  by  Messrs.  Hill  and 
Towne.  At  the  close  of  these  papers,  a  lunch  was  served  in  the 
ion  rooms,  tendered  by  the  local  committee,  and  an  opportunity 
was  given  for  social  intercourse. 
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Afiernoon  Session. 

The  afternoon  session  was  called  to  order  at  half-past  two. 
Three  of  the  topical  queries  were  taken  up  first.  Messrs.  Lanza, 
Alden,  and  Towne  spoke  on  the  question,  "  How  should  a  labora- 
tory of  mechanical  engineering  be  equipped  ?  "  Messrs.  Crane, 
Kent,  Lanza,  Partridge,  Henning,  Sanguinetti,  Gobeille,  and 
Alden  spoke  on  the  query,  "  What  are  the  best  problems  for 
students  in  mechanical  engineering  in  the  last  year  of  their  regu- 
lar course?  "  The  third  question,  "  Can  you  give  any  data  from 
your  own  experience  as  to  the  power  required  to  drive  modern 
American  machine  tools?  "  elicited  .discussion  from  Messrs.  Lewis, 
Hobbs,  Lanza,  Crane,  Babcock,  Doane,  Couch,  Kent,  Raynal, 
Ashworth,  Fowler,  Falkenau,  Weightman,  and  Towne. 

At  the  close  of  these  discussions,  and  before  resuming  the  con- 
sideration of  the  papers  of  the  meeting,  the  Chairman  announced 
that  the  scientific  apparatus  of  Mr.  John  C.  Hoadley,  the  well- 
known  engineer  and  expert,  had  been  purchased  by  Mr.  Stephen 
W.  Baldwin,  of  New  York,  as  a  gift  to  the  American  Society  of 
Mechanical  Engineers.  Mr.  Hoadley  had  been  an  honored  mem- 
ber of  the  Society,  and,  upon  his  death  in  October,  his  estate  had 
desired  to  dispose  of  his  apparatus  by  sale.  The  announcement 
by  the  chair  of  this  very  graceful  act  of  Mr.  Baldwin  was  received 
with  applause,  and,  on  motion,  a  committee  was  appointed,  con- 
sisting of  Messrs.  Babcock  and  Partridge,  to  draft  suitable  resolu- 
tions of  thanks  to  the  donor. 

The  next  paper  was  by  Professor  Gaetano  Lanza,  of  Boston 
upon  "  The  Strength  of  Shafting  exposed  to  both  Twisting  and 
Bending : "  Messrs.  Kent,  Henning,  Hawkins,  Crane,  Hill,  and 
Towne  discussed  it.  The  paper  by  Prof.  G.  I.  Alden,  entitled 
"  Formulas  and  Tables  for  Calculating  the  Effect  of  the  Reciprocat- 
ing Parts  of  High-Speed  Engines,"  was  discussed  by  Messrs. 
Lanza  and  Lewis. 

The  paper  by  Mr.  Geo.  H.  Barrus,  of  Boston,  giving  results  of 
investigations  wdth  his  new  calorimeter,  was  the  last  paper  of  the 
session.  The  rest  of  the  time  up  to  adjournment  was  taken 
up  with  the  topical  query  :  "  What  are  the  best  conditions  for 
flying  rope  for  transmission  of  power?  Are  there  limitations  to  its 
use  ?  "  Messrs.  Crane,  Hill,  Sterling,  Hawkins,  Giddings,  Raynal, 
Hobbs,  Towne,  Partridge,  Sanguinetti,  Durfee,  and  Hutton  spoke 
in  discussion. 
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At  the  close  of  this  topic,  a  letter  was  read  inviting  the  Society 
to  visit  the  works  of  the  National  Car  Spring  Co.,  at  Newark.  The 
Secretary  was  requested  to  return  the  thanks  of  the  Society  for 
the  courtesy.  A  telegram  to  the  Secretary  was  also  read,  announc- 
ing the  death,  at  his  residence  in  Youngstown,  Ohio,  of  Mr.  Homer 
Hamilton,  one  of  the  interested  members  of  the  Society.  At  the 
next  session  it  was  moved  that  the  Secretary  be  requested  to  send 
a  message  of  sympathy  from  the  convention  to  the  family  of  Mr. 
Hamilton.     The  session  then  adjourned. 

In  the  evening,  by  the  courtesy  of  the  Board  of  Managers  of  the 
American  Institute,  the  Society  attended  the  fair  of  the  Institute. 
Complimentary  tickets  had  been  furnished,  and  were  very  gener- 
ally used  by  the  visiting  members. 

Third  Day,  Wednesday,  December  1st. 

The  steamer  Pleasant  Valley  had  been  chartered  for  this  day  to 
take  the  members  and  their  friends  to  visit  places  of  interest  in 
Newark.  On  the  way  down  the  bay,  a  stop  was  made  at  Bedloe's 
Island,  and  by  the  courtesy  of  Captain  Brewerton,  U.  S.  A.,  the 
party  were  allowed  to  ascend  the  Bartholdi  Statue  of  Libert}'  and 
get  the  view  from  it.  Arriving  at  Newark,  the  party  visited  the 
Hewes  and  Phillips  Iron  Works,  and  were  from  thence  escorted 
to  lunch,  tendered  in  one  of  the  city  armories.  After  lunch,  car- 
riages took  the  party  to  the  works  of  the  U.  S.  Illuminating  Co., 
Watts  Campbell  and  Co.,  Clark  Thread  Works,  and  to  the  private 
laboratory  of  Mr.  Edward  Weston.  The  lateness  of  the  hour 
prevented  a  projected  visit  to  the  Howell  Morocco  Works.  Par- 
ties went  also  to  the  Benjamin  Atha  Steel  Works. 

A  professional  session  was  held  in  the  evening  in  the  hall  of 
the  Academy  of  Medicine.  This  session  was  devoted  to  the  two 
papers  belonging  to  the  Economic  Section  of  the  Transactions. 
These  papers  were  by  Mr.  Oberlin  Smith,  of  Bridgeton,  N.  J., 
entitled  "  Intrinsic  Value  of  Special  Tools,"  and  by  Mr.  W.  E. 
Partridge,  of  New  York,  entitled  "  Capital's  Need  of  High-priced 
Labor."  Messrs.  Grant,  Borden,  Almond,  Cole,  Walworth,  and 
Towne  spoke  on  the  first  paper ;  and  Messrs.  Hawkins,  Kent, 
Fowler,  Almond,  Wells,  Oberlin  Smith,  Walworth,  Grant,  Bor- 
den,  and  Towne  discussed  the  second. 
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Fourth  Day,  Thursday,  December  2d. 

The  fifth  session  was  called  to  order  in  the  lecture-room  of  Pro- 
fessor Wood,  in  Stevens  Institute  of  Technology,  in  Hoboken. 
The  Society  had  been  invited  by  the  President  and  Faculty  of 
the  Institute,  and  met,  pursuant  to  call,  at  ten  o'clock.  The  first 
paper  was  by  Mr.  Benjamin  Baker,  Engineer  of  the  Forth  Bridge 
Railway  of  England,  and  honorary  member  of  the  Society.  It 
was  entitled  "  The  Working  Stress  of  Iron  and  Steel,"  and 
Messrs.  Kent,  Bond,  Jlenning,  and  Towne  took  part  in  the  dis- 
cussion, together  with  Prof.  De  Volson  Wood,  of  the  Institute,  pres- 
ent by  invitation. 

The  paper  by  Mr.  Wm.  Cowles,  of  New  York,  on  Fire-Boats, 
was  discussed  only  by  Messrs.  Le  Van,  and  Cole. 

The  paper  by  Mr.  Wm.  Kent,  of  New  York,  "  Is  Water  Gas  an 
Economical  Fuel,"  was  discussed  by  Messrs.  F.  W.  Taylor,  Traut- 
wein,  Schuhmann  and  Towne. 

The  paper  by  Mr.  Andrew  C.  Campbell,  of  Bridgeport,  Conn., 
was  entitled,  "A  New  Conicograph,"  and  he  exhibited  one  of  the 
instruments  and  its  work  and  method  of  operation.  Messrs. 
Couch,  Kent,  Sanguinetti,  Henning,  Webb,  and  Le  Van  spoke 
in  the  discussion,  and  also  by  invitation  Professors  MacCord 
and  Wood  of  the  Institute. 

The  topical  query  as  to  the  practical  value  of  the  sand-blast 
process  for  sharpening  files  was  then  taken  up  and  discussed  by 
Messrs.  S.  T.  Williams  (who  exhibited  a  file  of  which  part  had 
been  treated  and  part  had  not),  Towne,  F.  W.  Taylor,  Webb, 
Oberlin  Smith,  Doane,  and  Babcock,  and  Mr.  Chas.  N.  Trump 
spoke  by  invitation. 

An  invitation  to  the  Society  to  visit  the  warerooms  of  the  Edi- 
ison  Electric  Lighting  Co.  was  received  and  responded  to  by  tele- 
gram with  thanks. 

President  Morton,  of  the  Stevens  Institute,  had  invited  the  mem- 
bers to  a  reception  and  lunch,  which  were  much  enjoyed  by  all 
present.  An  opportunity  was  given  after  lunch  to  visit  the 
mechanical  laboratories  and  shops  of  the  Institute  while  the 
classes  were  at  work  there.  Much  of  interest  was  going  on, 
and  the  afternoon  session  did  not  come  to  order  till  three 
o'clock. 

The  paper  of  Mr.  Thomas  D.  West,  of  Cleveland,  entitled 
"  Casting  Aluminium  Bronze  and  Other  Strong  Metals,"  was  pre- 
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sented,  and  was  discussed  by  Messrs.  Le  Van,  T.  E.  Morgan, 
Oberlin  Smith,  Dodge,  and  Hill. 

Thereupon  the  remaining  topical  queries  were  taken  up,  and 
filled  the  time  up  to  the  hour  of  adjournment.  Messrs.  West  and 
Sanguinetti  spoke  on  the  query  as  to  corrosion  of  aluminium 
bronze ;  Messrs.  Wolff,  Towne,  Kerr,  Giddings,  Cole,  and  Le  Van 
spoke  of  the  reasons  for  preferring  injectors  or  pumps  for  feeding 
boilers ;  Messrs.  Dodge,  A.  H.  Emery,  Henning,  and  Towne  dis- 
cussed the  best  way  to  build  annealing  furnaces  for  small  gray 
iron  castings  ;  on  the  matter  of  the  best  way  to  separate  grit  from 
grinding  rooms  and  prevent  its  dissemination  in  yards  and  shops, 
Messrs.  Dodge,  Giddings,  Partridge,  and  Towne  spoke. 

Messrs.  Oberlin  Smith,  Webb,  Partridge,  Weightman,  Babcock, 
Herman,  Le  Van,  A.  H.  Emery,  Webber,  C.  T.  Porter,  and  Camp- 
bell gave  their  experience  as  to  the  expanding  and  contracting 
of  drawing  boards  and  paper,  and  the  prevention  of  annoyance 
from  it. 

Messrs.  Herman,  Oberlin  Smith,  and  Sanguinetti  spoke  of 
methods  of  cutting  templets  from  very  thin  metal,  and  Mr.  W.  It. 
Jenkins  had  sent  in  a  written  reply  to  the  question  why  an  oil- 
well  pump  sucker-rod  is  prevented  from  unscrewing  at  the  sockets 
by  giving  a  twist  to  the  rods.  This  was  the  last  of  the  topical 
discussions. 

The  Chairman  then  called  for  the  report  of  the  committees  on 
resolutions.     Their  reports  were  presented  as  follows  : 

Resolred,  That  the  cordial  thanks  of  this  Society  are  tendered  to  the  Pennsyl- 
vania Railroad  for  courtesies  extended  during  the  present  session  of  this  Society. 

Besolv*  <L  That  we  tender  our  thanks  to  Messrs.  Cooper,  Hewitt  &  Co.,  for  the 
invitation  to  visit  their  works  at  Trenton,  and  for  entertainment  and  courtesies 
received  on  that  occasion. 

Resolved,  That  the  tlianks  of  this  Society  are  due  to  Edward  Weston,  Watts, 
Campbell  &  Co.,  Hewes  &  Phillips,  U.  S.  Elec.  Ilium.  Co.,  Clark  Thread  Co., 
Benj.  Atha  Steel  Works,  Howell  Morocco  Works,  and  others,  of  the  city  of 
Newark,  for  the  opportunity  of  visiting  the  several  important  and  interesting 
establishments  owned  or  controlled  by  them,  and  for  the  exceedingly  hospitable 
entertainment  provided  on  the  recent  visit  of  this  Society  to  that  enterprising  city. 

Resolved,  That  the  thanks  of  the  Society  be  cordially  extended  to  Capt.  Henry 
Brewerton,  United  States  Army,  in  command  at  Bedlow's  Island,  for  facilities 
afforded  on  the  occasion  of  our  visit  to  the  island,  and  for  the  opportunity  of 
inspecting  the  Statue  of  Liberty. 

Resolved,  That  the  Society  extends  its  thanks  to  the  Board  of  Managers  of  the 
American  Institute  Fair,  for  their  kind  and  highly  appreciated  invitation  to  visit 
that  very  interesting  and  instructive  exhibition  of  arts,  manufactures,  and 
mechanism,  and  for  courtesies  on  that  occasion. 
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Resolved,  That  this  Society  tender  its  hearty  thanks  to  President  Morton,  the 
faculty  and  trustees  of  Stevens  Institute  of  Technology,  for  the  highly  appre- 
ciated attention  in  inviting  this  Society  to  hold  two  of  its  sessions  at  Stevens  Insti- 
tute, and  for  their  courtesy  in  exhibiting  and  explaining  the  abundaut  resources 
of  the  institution  under  their  charge. 

Resolved,  That  the  cordial  and  hearty  thanks  of  this  Society  are  hereby  ex- 
tended to  Dr.  Henry  Morton,  President  of  the  Stevens  Institute  of  Technology, 
for  his  generous  hospitality  during  the  recent  visit  of  the  Society  to  the  institu- 
tion over  which  he  presides. 

Resolved,  That  we  collectively  and  individually  extend  our  thanks  to  our  local 
committee,  and  especially  to  Messrs.  Wiley  &  Crouthers  and  Hutton,  for  their 
admirable  arrangements  for  the  entertainment  of  the  Society,  and  that  we  heartily 
appreciate  the  exceptionally  successful  manner  in  which  these  arrangements 
have  been  carried  out. 

Resolved,  That  the  Secretary  be  instructed  to  send  copies  of  these  resolutions 
to  the  persons  mentioned. 

Messrs.  Babcock  and  Partridge,  the  special  committee  to  pre- 
pare resolutions  of  thanks  to  Mr.  S.  W.  Baldwin  for  his  gift  to  the 
Society  of  the  scientific  apparatus  formerly  belonging  to  the  late 
John  C.  Hoadley,  reported  as  follows : 

Whereas,  Mr.  S.  W.  Baldwin  has  presented  to  the  Society  the  technical  ap- 
paratus formerly  belonging  to,  and  much  of  which  was  original  with  our  late 
lamented  member,  Mr.  J.  C.  Hoadley  ;  therefore, 

Resolved,  That  the  thanks  of  this  Society  be  tendered  to  Mr.  Baldwin  for  his 
generous  and  thoughtful  gift,  through  which  this  Society  comes  in  possession 
of  so  valuable  a  collection. 

Resolved,  That  the  Secretary  be  instructed  to  have  these  resolutions  engrossed 
and  presented  to  Mr.  Baldwin  as  a  token  of  our  appreciation  of  his  act. 

The  Committee  also  presented  the  following  resolution,  just  as 
the  hour  for  adjournment  had  arrived  : 

Resolved,  That  the  thanks  of  the  Society  be  tendered  to  Mr.  Henry  B.  Towne 
for  the  able  and  faithful  manner  in  which  he  has  performed  the  duties  of  acting 
president  during  the  sessions  of  the  present  meeting  and  throughout  the  illness 
of  President  Coleman  Sellers. 

The  question  on  this  motion  was  put  President-elect  Babcock, 
and  Mr.  Towne  replied  as  follows  from  the  chair : 

The  Chairman. — I  appreciate  very  warmly  indeed  the  compli- 
ment you  have  paid  me,  and  am  glad  if  anything  1  have  done 
during  the  year  has  been  of  service  to  the  interests  of  the  Society. 

During  the  two  years  that  I  have  been  in  the  Council,  as  one  of 
the  vice-presidents,  it  has  been  a  pleasant  thing  to  see  that  the 
Society  has  advanced  and  grown  in  many  ways,  and  is  now  in 
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very  much  better  condition  than  it  was  two  years  ago,  particu- 
larly in  the  quality  of  its  work.  I  think  that  the  last  volume  the 
Society  issued  is  the  best  volume  of  its  kind,  and  contains  more 
material  of  value  to  the  engineer  than  any  other  that  I  know  of 
as  embodying  the  transactions  of  a  Society  of  this  kind. 

Two  matters  in  particular  have  interested  me  during  the  year, 
and  it  is  a  pleasure  to  me  that  in  each  of  them  I  have  been  able 
in  a  small  way  to  contribute  to  the  good  work  of  the  Society. 
One  of  them  came  up  a  year  ago,  at  our  meeting  in  Boston,  where 
it  seemed  to  me  that  a  great  deal  of  the  time  of  the  Society  was 
taken  up  in  listening  to  the  reading  of  papers  (which  might  have 
been  prepared  in  advance),  thereby  limiting  the  discussion  on 
them,  which  was  often  interesting  and  valuable,  and  which  in  that 
case  was  very  much  curtailed.  Conferring  with  Prof.  Hutton, 
our  Secretary,  about  it,  I  found  that  our  views  coincided.  The 
matter  was  brought  to  the  notice  of  the  Council,  and  a  committee 
was  appointed,  consisting  of  Prof.  Hutton  and  myself,  the  result 
of  whose  work  was  the  drafting  of  the  new  rules,  which  were  first 
put  into  effect  at  Chicago,  and  which  have  been  continued  here. 
The  members  of  the  Society  at  the  Chicago  meeting  expressed  by 
a  vote  their  approval  of  these  rules,  and  requested  that  in  the 
future  the  presiding  officers  of  the  meetings  should  enforce  the 
rules  strictly.  The  fundamental  idea  of  thus  limiting  the  time 
allowed  to  each  paper  and  to  each  speaker  is  fair  play  ;  that  the 
first  paper  on  the  list  shall  have  no  greater  privileges  than  the  last. 

The  other  matter  to  which  I  refer  was  introduced  by  the  paper 
I  read  at  Chicago,  in  which  I  modestly  ventured  to  suggest  that 
the  Society  might  annex  another  subject  to  its  discussions,  bring- 
ing in  industrial  or  economic  questions.  I  had  no  thought  then 
that  such  a  proposition  would  be  entertained  except  as  a  side 
issue,  a  matter  which  those  of  the  members  who  took  interest  in 
such  things  could  promote  by  attending  a  supplemental  session. 
The  proposition  was  received  favorably  in  one  sense  and  unfavor- 
ably in  the  other.  The  idea  of  introducing  such  matters  in  our 
discussions  was  accepted.  The  idea  of  relegating  them  to  an 
annex  or  sub-section  was  negatived  emphatically,  and  it  was  voted 
that  such  subjects  should  be  introduced  and  made  part  of  our 
regular  transactions. 

We  have  had  some  test  of  this  policy  in  our  present  meeting, 
and  it  seems  to  be  the  sentiment  of  the  members  generally  that 
the  Society  is  fully  justified  in  taking  up  the  discussion  of  such 
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subjects.  I  may  add  that  it  is  more  appropriate  for  this  Society 
to  consider  such  matters  than  any  other  of  the  engineering  socie- 
ties. We  have  in  our  membership,  much  more  than  have  the 
Civil  Engineers  or  the  Mining  Engineers,  men  who  are  managers 
of  labor,  who  are  either  owners  or  representatives  of  owners,  and 
who  therefore  control  capital.  There  are  fewer  purely  professional 
men,  and  men  having  no  direct  responsibility  for  the  management 
of  others,  in  this  Society  than  in  either  of  the  other  engineering 
societies.  These  economic  questions  come  nearer  to  us,  therefore, 
and  to  a  larger  number  of  our  members,  and  in  my  judgment  they 
can  most  properly  be  considered,  to  a  reasonable  extent,  germane 
to  the  interests  and  duties  of  a  large  proportion  of  our  membership. 
Again  thanking  you  for  the  compliment  you  have  just  tendered 
me,  I  repeat  my  appreciation  of  it.  I  hope  that  the  Society's 
work  will  continue  to  grow  in  the  future  as  well  as  it  has  during 
the  past  year. 

The  meeting  then  adjourned. 

Fifth  Day,  Friday,  December  3d. 

A  special  train  on  the  Pennsylvania  Railroad  conveyed  the 
members  on  an  excursion  to  Trenton,  N.  J.,  where  they  were  the 
guests  of  Messrs.  Cooper,  Hewitt  &  Co.  The  cars  were  run  on  a 
siding  to  the  lower  mill,  where  large  beams  are  rolled,  and  a  visit 
was  paid  to  the  bridge-shop.  Returning  to  the  wire-mill,  a  lunch 
was  spread  by  the  hosts  in  one  of  the  buildings,  and  after  it  the 
wire-mill  with  its  belted  Corliss  engine  running  trains  on  contin- 
uous wire  rods,  and  the  other  features  of  the  manufacture  were 
examined.  A  visit  to  one  of  the  potteries  was  also  made  in  the 
afternoon,  and  by  some  to  the  Phoenix  works  upon  the  river.  The 
train  brought  a  large  number  back  to  Xew  York,  while  numbers 
went  directly  West  from  Trenton. 
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CCXXVI. 

REPORT   OF  THE   COMMITTEE  ON  STANDARD    PIPE 
AND  PIPE  THREADS, 

OF   THE   AMERICAN    SOCIETY   OF   MECHANICAL   ENGINEERS, 

Submitted  at  the  Seventh  Annual  Meeting,  held  in  New  York  City,  November 
29  to  December  3,  188C. 

[Note. — This  report  is  the  one  referred  to  on  page  19  of  the  Proceedings. 
The  importance  of  the  matter  of  which  it  treats  has  induced  the  Publication 
Committee  to  order  it  issued  as  a  separate  paper  contributed  to  the  Society. 

The  report  was  as  follows  :] 

Gentlemen  :  Your  committee  to  whom  was  referred  the  con- 
sideration of  a  standard  for  pipe  and  pipe  threads,  have  the 
honor  to  present  the  following  report : 

At  a  meeting  of  your  committee  held  in  Hartford,  February 
23.  1886,  the  request  embodied  in  the  following  circular  letter  to 
the  manufacturers  of  wrought-iron  pipe  in  the  United  States  was 
decided  upon,  and  the  letter  was  issued  April  21,  1886,  addressed 
to  each  of  the  companies  composing  the  above  association  : 

"  At  the  Sixth  Annual  Meeting  of  the  American  Society  of 
Mechanical  Engineers,  held  in  Boston,  in  November,  1885,  a 
committee  was  appointed  by  the  president,  to  confer  with  manu- 
facturers of  pipe,  pipe  dies,  and  pipe  fittings,  with  a  view  of 
bringing  about  a  uniformity  in  the  sizes  of  pipe  and  pipe  threads, 
and  of  maintaining  it  by  the  use  of  gauges  which  shall  definitely 
represent  standard  sizes. 

"  A  meeting  of  this  committee  was  held  in  Hartford.  February 
23,  1886. 

"  The  opinion  of  this  committee  is  that  the  Briggs  standard, 
which  nearly  all,  if  not  all,  of  the  pipe  manufacturers  once  adopted, 
is  the  proper  standard  to  be  adhered  to,  and  that  it  only  requires 
definite  co-operation  on  the  part  of  pipe  manufacturers  with  the 
committee,  in  order  to  bring  their  product  strictly  to  that  stand- 
ard, and  to  adopt  means  of  strictly  adhering  to  it  within  practi- 
cal limits. 
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"  A  copy  of  the  minutes  of  the  Boston  meeting  referred  to  is 
herewith  mailed  you,  in  which  will  be  found  the  report  of  the 
discussion  and  subsequent  recorded  appointment  of  the  com- 
mittee. There  is  also  sent  you  a  copy  of  the  paper  upon  this 
subject,  which  was  read  at  that  time  before  the  Society,  together 
with  the  report  of  the  discussion  which  followed  its  reading. 

"  The  committee  request  that  the  pipe  manufacturers  give  this 
matter  consideration,  and  would  suggest  that  they  appoint  a 
committee  to  confer  with  them,  with  a  view  of  bringing  about 
the  desired  result,  and  to  notify  the  secretary  as  to  the  date 
when  this  meeting  mav  be  held. 

"  Will  you  please  give  your  individual  aid  in  having  such  a 
committee  appointed  ? 

"An  early  answer  will  oblige, 

"  Yours  very  truly, 
(Signed)  "  Geo.  M.  Bond,  Secretary. 

Frederick  Grinnell,  Chairman. 
George.  Schuhmann. 
Wm.  J.  Baldwin. 
B.  H.  Warren. 
Geo.  M.  Bond,  Secretary. 
Hartford.  Conn.,  April 21,  1886." 

There  was  also  issued  a  circular  letter  to  each  of  the  members 
of  the  Associated  Manufacturers  of  Cast  and  Malleable  Iron  and 
Brass  Fittings  in  the  United  States.  This  letter  was  dated  April 
28,  1886,  and  is  as  follows  : 

"  The  enclosed  communication,  which  has  been  sent  to  each  of 
the  pipe  manufacturers,  will  explain  itself. 

A  copy  of  extract  from  minutes  of  the  proceedings  is  also 
enclosed. 

"We  will  be  pleased  to  have  your  views  upon  the  subject  for 
our  guidance  in  conferring  with  the  proposed  committee  of  pipe 
manufacturers. 

"  Yours  very  truly, 
(Signed)  "  Geo.  M.  Bond,  Secretary." 

As  stated  in   the  preliminary  report  of  your  committee,  sub- 
mitted at    the    meeting   of   this  Society,  held  in  Chicago,  May, 
L886,*  a    committee    was    appointed    by    the    Manufacturers   of 
*  Vol.  VII.  Transactions  A.  S.  M.  E.,  p.  414. 
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Wrought  Iron  Pipe  and  Boiler  Tubes  in  the  United  States,  at 
their  meeting  held  in  Philadelphia,  May  12,  1886,  the  members 
of  which  committee,  as  at  that  time  given,  being  : 

Mr.  L.  W.  Shallcross,  Chairman,  representing  Messrs.  Morris, 
Tasker  &  Co.,  Limited,  of  Philadelphia. 

Mr.  J.  H.  Flager,  representing  The  National  Tube  Works  Co., 
of  McKeesport,  Pa. 

Mr.  L.  J.  Piers,  representing  The  Allison  Manufacturing  Co., 
Philadelphia,  and 

Mr.  Jas.  H.  Murdock,  of  Pittsburgh,  Secretary  to  the  com- 
mittee. 

The  action  taken  by  the  Cast  Iron  Fittings  Association  is  also 
here  given  : 

"  At  a  meeting  of  the  Cast  Iron  Fittings  Association,  held  in 
New  York,  May  19,  1886,  the  following  resolution  was  unani- 
mously adopted : 

*"  Resolved,  That  a  committee  of  five  (5)  be  appointed  to  take  into  considera- 
tion the  matter  of  a  standard  gauge  of  thread.' 

"  The  following'gentlemen  were  named  as  such  committee  : 

"Mr.  R.  T.  Crane,  President  Crane  Bros.  Manufacturing  Co., 
Chicago,  111. 

"  Mr.  C.  C.  Walworth,  President  Walworth  Manufacturing  Co., 
Boston,  Mass. 

"  Mr.  E.  G.  Burnham,  Vice-President  The  Eaton,  Cole  &,  Burn- 
ham  Co.,  Bridgeport,  Conn. 

"  Mr.  Charles  Jarecki,  President  Jarecki  Manufacturing  Co., 
Erie,  Pa. 

"Mr.  Carleton  W.  Nason,  President  Nason  Manufacturing  Co., 
New  York  City." 

The  action  taken  by  the  Manufacturers  of  Brass  and  Iron, 
Steam,  Gas  and  Water  Work  of  the  United  States,  at  a  meeting  of 
their  Association,  held  in  Pittsburgh,  May  11,  12  and  13,  1886, 
was  that  the  following  resolution  was  unanimously  earried : 

"Resolved,  That  this  association  favors  the  establishment  of  a  universal 
wrought-iron  pipe  gauge,  to  be  used  as  a  standard  throughout  the  United  States, 
and  that  any  action  taken  by  the  manufacturers  of  wrought-iron  pipe  to  ac- 
complish this  object  shall  have  our  hearty  co-operation." 

Soon  after  this  preliminary  report  was  submitted  at  the  meet- 
ing of  the  Society  in  Chicago  iu  May,  a  joint  conference  of  the 
committee  appointed  by  the  manufacturers  of  wrought-iron  pipe, 
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and  your  committee,  was  held  at  the  Fifth  Avenue  Hotel,  New 
York,  June  17,  1886.  The  result  of  this  conference  is  clearly 
stated  in  the  official  notification  issued  by  Mr.  L.  W.  Shallcross, 
chairman  of  the  conference,  and  which  is  here  given  : 

"  New  York,  June  17,  1886. 

"  At  a  meeting   of  the  Standard   Pipe  and  Pipe-Thread  Com- 
mittee of  the  Manufacturers  of  Wrought  Iron  and  Boiler  Tubes  in 
the    United   States,  held   at  the   Fifth,  Avenue  Hotel,  this  day, 
Thursday,  June  17,  1886,  at  11  o'clock  a.m. 
L.  W.  Shallcross  in  the  chair. 
Jas.  H.  Murdock,  Secretary. 

Present : — 

Morris,  Tasker  &  Co.,  Limited L.  W.  Shallcross. 

National  Tube  "Works  Co J.  H.  Flagler. 

The  Allison  Manufacturing  Co L.  J.  Piers. 

"  Also,  present  in  conference,  members   of  the  Standard  Pipe- . 
Thread  Committee  of  the  American  Society  of  Mechanical  En- 
gineers, as  follows  : 

"  Frederick  Grinnell,  Chairman  of  Committee,  President  Provi- 
dence Steam  and  Gas  Pipe  Co.,  Providence,  R.  T. 

"Geo.  M.  Bond,  Secretary  of  Committee,  of  The  Pratt  &  Whit- 
ney Co.,  Hartford,  Conn. 

"Geo.  Schuhmann,  of  the  Reading  Iron  Works,  Reading,  Pa. 

"  Wm.  J.  Baldwin,  96  Fulton  Street,  New  York,  Steam  Heating 
Engineer. 

"  On  motion  of  Mr.  Flagler,  seconded  by  Mr.  Piers,  that  each 
manufacturer  send  to  The  Pratt  &  Whitney  Co.,  Hartford,  Conn., 
sample  pieces  of  their  pipe  from  (6)  six  inches  diameter  down, 
threaded  on  one  end,  to  be  tested  by  The  Pratt  &  Whitney  Co., 
with  the  Briggs  standard,  and  a  report  to  be  made  by  them  to 
each  manufacturer  of  the  state  of  his  gauges  only,  as  compared 
with  the  Briggs  standard. 

"And  the  Secretary  be  hereby  instructed  to  notify  the  manufac- 
turers, and  request  them  to  comply  with  this  resolution  without 
delay,  so  that  action  can  be  taken  at  the  meeting  of  July  20th, 
proximo. 

"  Unanimously  carried. 

"  On  motion,  adjourned  to  meet  at  the  call  of  the  Chairman. 
"Attest — Jas.  H.  Murdoch,  L.  W.  Shallcross, 

/Secretary  to  Committee.  Chairman  of  Committee" 
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In  accordance  with  the  foregoing  request,  there  were  received 
by  The  Pratt  6c  Whitney  Co.,  for  the  required  test,  samples  of 
pipe  with  threads  cut  on  one  end,  which  your  committee  has 
every  reason  to  believe  represented  the  average  sizes  of  pipe  and 
pipe  threads,  as  ordinarily  manufactured. 

Samples  were  received  from   the  following   manufacturers  of 
wrought-iron  pipe,  members  of  the  association. 
Messrs.  The  National  Tube  Works  Co.,  McKeesport. 

Heading  Iron  Works,  Reading. 

A.  M.  Byers  6c  Co.,  Pittsburgh. 

Spang,  Chalfant  &  Co.,  Pittsburgh. 

American  Tube  and  Iron  Company,  Middletown,  Pa. 

Conshobocken  Tube  Co.,  Conshohocken. 

Crane  Bros.  Manufacturing  Co.,  Chicago. 

Morris,  Tasker  6c  Co.,  Limited,  Philadelphia. 

Fieldhouse,  Dutcher  6c  Belden,  Chicago. 

The  Allison  Manufacturing  Co.,  Philadelphia. 

Jas.  Hooven  &  Son,  Norristown,  Pa. 

Delaware  Iron  Co.,  New  Castle,  Del. 
The  Pittsburgh   Tube  Company,  their  new  works  not  being  at 
the  time  in  operation,  stated  that  their  sizes  would  in  general 
conform  to  those  sent  by  the  American  Tube  and  Iron  Co. 

The  examination  and  test  of  these  sample  *pieces  of  threaded 
pipe,  was  not  made  until  August  23  and  24,  1886,  owing  to  the 
late  arrival  of  several  sets  necessary  to  complete  the  list.  After 
having  had  the  set  of  Briggs  standard  reference' gauges  critically 
verified  by  The  Pratt  6c  Whitney  Co.,  the  test  was  conducted 
under  the  conditions  of  confidence  which  was  accepted  by  your 
committee,  the  secretary  only  to  have  personal  knowledge  of 
each  manufacturer's  variation.  The  results  were  collected,  and 
were  arranged  in  tabulated  form,  each  column  being  headed  with 
a  special  number,  which  referred  to  the  manufacturer  there  repre- 
sented. 

This  tabulated  report,  with  general  deductions  appended,  was 
submitted  to  the  Pipe  Manufacturers'  Association  at  their  regular 
Convention  held  at  the  Continental  Hotel,  Philadelphia,  August 
25,  1SS6,  and  soon  after,  reports  to  manufacturers  individually 
were  sent  by  the  secretary  of  your  committee,  as  requested  in  the 
resolution  adopted  at  the  conference. 

The  variation  from  the  Briggs  standard,  as  found  to  exist  un- 
der this  test,  did  not  seem  to  warrant  a  departure  from  the  orig- 
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inal  standard  represented  by  the  Briggs  gauges,  and  confirmed 
the  opinion  of  jour  committee  that  the  Briggs  standard  could  be 
adhered  to. 

With  the  exception  of  the  three-quarters  and  one  inch  sizes,  but 
comparatively  little  change  would  be  required  in  the  dies  used  by 
the  pipe  manufacturers  in  cutting  pipe  made  by  them  for  the 
market. 

Iiecognizing  the  interests  of  the  manufacturers  of  brass  and 
cast-iron  fittings,  a  joint  conference,  appointed  by  these  associ- 
ations and  your  committee,  was  called,  in  order  to  harmonize  all 
interests  involved,  and  to  adopt  a  resolution  expressing  the  sense 
of  such  a  meeting  for  the  consideration  of  the  Pipe  Manufacturers' 
Association. 

This  conference  was  arranged  for  Monday,  October  25,  1SS6, 
and  was  held  at  the  Fifth  Avenue  Hotel,  New  York,  at  11  o'clock 
a.m.  of  that  date. 

There  were  present  at  this  conference  :  of  the  committee  repre- 
senting the  "Wrought-Iron  Pipe  Manufacturers'  Association,  Mr. 
J.  H.  Flagler,  of  the  National  Tube  Works  Co. ;  Mr.  L.  W.  Shall- 
cross,  chairman  of  the  conference  :  of  the  committee  appointed  by 
the  Cast-iron  Fittings  Association.  Mr.  Carleton  W.  Nason,  Presi- 
dent of  Nason  Manufacturing  Co.,  New  York,  representing  also  Mr. 
Jarecki,  President  of  The  Jarecki  Manufacturing  Co.,  Erie,  Pa. 
There  was  also  present,  representing  this  Association,  Mr.  W.  H. 
Douglas,  Corresponding  Secretary.  Also  there  were  present,  rep- 
resenting the  Manufacturers"  Association  of  Brass  and  Iron,  Steam, 
Gas  and  Water  Work  of  the  United  States,  Mr.  S.  L.  Morison. 
Secretary  of  the  Association.  Of  your  committee  there  were  pres- 
ent, Mr.  William  J.  Baldwin,  and  George  M.  Bond,  secretary  of 
the  conference.  Letters  were  read  by  Mr.  Carleton  W.  Nason 
front  Mr.  Pi.  T.  Crane,  Chicago,  and  Mr.  C.  C.  Walworth,  of  Boston, 
members  of  their  committee,  who  were  unable  to  attend,  starng 
their  position  in  the  matter.  After  considerable  discussion  th.3 
following  resolution  was  unanimously  carried  : 

■'  That  it  is  the  sense  of  this  meeting  that  a  common  standard  be  adopted,  and 
that  action  should  proceed  first  from  the  Pipe  Manufacturers,  and  for  that  reason 
we  recommend  that  it  should  be  particularly  brought  to  their  attention  at  the 
meeting  to  be  held  in  Pittsburgh  this  week." 

The  meeting  of  the  Pipe  Manufacturers'  Association  just  re- 
ferred to  was  held  at  the  Monongahela  House,  Pittsburgh,  Octo- 
ber 27,  1886. 
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The  official  notification  received  by  your  committee  of  the 
action  taken  by  the  pipe  manufacturers  at  this  meeting,  is  here 
given : 

"  George  M.  Bond,  Esq., 

"  Sec'y  Committee  Standard  Pipe  and  Pipe  Threads, 
"  American  Society  Mechanical  Engineers, 
"  Hartford,  Conn. 
"  Dear  Sir  : — At  a  meeting  of  the  Manufacturers  of  Wrought- 
Iron  Pipe  and  Boiler  Tubes  in  the  United  States,  held  at  the  Mo- 
nongahela  House,  Pittsburgh,  October  27, 1886,  it  was  resolved  that 
the  Wrought-Iron  Pipe  Manufacturers  of  the  United  States  hereby 
adopt  the  Briggs  standard  of  gauges,  and  that  where  any  manu- 
facturer has  from  any  cause  got  away  from  that  standard,  they  be 
requested  to  get  such  corrections  made  as  soon  as  possible,  so  as 
to  conform  to  the  Briggs  standard. 
"  Yours  truly, 
(Signed)  "  James  H.  Murdock,  Secy 

"  Manufacturers   Wrought-Iron  Pipe  and  Boiler 
"  Tubes  in  the  United  States. 
"Pittsburgh,  November  A,  1886." 


Your  committee  has  notified  officially  of  the  above  action  of  the 
Pipe  Manufacturers'  Association,  Mr.  W.  H.  Douglas,  Correspond- 
ing Secretary  Cast-iron  Fittings  Association,  New  York ;  Mr.  S.  L. 
Morison,  Secretary  Brass  Fittings  Association,  New  York,  and 
Mr.  John  Maneely,  Corresponding  Secretary  Malleable  Iron  As- 
sociation, Philadelphia,  in  the  following  letter,  which  was  mailed 
to  each  from  Pittsburgh,  November  4 : 

"  It  is  gratifying  to  me  to  advise  you  that  at  a  meeting  of  the 
Manufacturers  of  Wrought-Iron  Pipe  and  Boiler  Tubes  in  the 
United  States,  held  at  the  Monongahela  House,  Pittsburgh,  Octo- 
ber 27,  1886,  it  was  resolved  '  that  the  Wrought-Iron  Pipe  Manu- 
facturers of  the  United  States  hereby  adopt  the  Briggs  standard 
of  gauges,  and  that  where  any  manufacturer  has,  from  any  cause, 
got  away  from  that  standard,!4they  be  requested  to  get  such  cor- 
rections as  soon  as  possible,  so  as  to  conform  to  the  Briggs 
standard.' 

"  Yours  truly, 
(Signed)  ,       "  Geo.  M.  Bond,  Sec'y 

"Committee  Standard  Pipe  and  Pipe  Threads, 
11  American  Society  Mech.  Engineers" 
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In  concluding  this  report,  jour  committee  wish  to  express  their 
appreciation  of  the  assistance  kindly  rendered  by  Mr.  J.  H.  Mur- 
dock,  Secretary  Manufacturers  Wrought-Iron  Pipe  and  Boiler 
Tubes  in  the  United  States ;  Mr.  S.  L.  Morison,  Secretary  of  the 
Association  of  Brass  and  Iron  Fittings  Manufacturers  of  the 
United  States,  and  Mr.  W.  H.  Douglas,  Corresponding  Secretary 
of  the  Cast-iron  Fittings  Association,  in  furnishing  lists  of  the 
different  manufacturers  of  wrought-iron  pipe,  cast-iron,  and  brass 
fittings,  and  who  in  many  ways  greatly  facilitated  the  work  of  your 
committee.  Respectfully  submitted. 

Frederick  GRINNELL,  Chairman. 

Geo.  M.  Bond,  Secretary. 

Geoege  Schuhmann. 

B.  H.  "Warren. 

Wm.  J.  Baldwin. 
New  York,  November  30,  1886. 


ADDENDA. 


The  following  communication,  received  subsequently  to  the 
presentation  of  the  foregoing  report,  transmitting  to  your  commit- 
tee officially  the  resolution  adopted  by  the  Manufacturers'  Associa- 
tion of  Brass  and  Iron,  Steam,  Gas  and  Water  Work,  sustaining 
the  action  of  the  Manufacturers  of  Wrought-Iron  Pipe,  is  here- 
with presented  : 

•  MANUFACTURERS'  ASSOCIATION 

OF 
BRASS  AND  IRON,  STEAM,  GAS  AND  WATER  WORK. 

"  79  Fulton  St.,  New  York,  December  15,  18S6. 
"  George  M.  Bond,  Secretary  Committee 
•'  Standard  Pipe  and  Pipe  Threads, 

"American  Society  Mechanical  Engineers, 
"  Care  of  Pratt  &  Whitney  Co., 
"  Hartford,  Conn. 

"  Dear  Sir  : — At  a  meeting  of  the  Manufacturers'  Association 

of  Brass  and  Iron.  Steam,  Gas  and  Water  Work,  held  at  the  Fifth 

Avenue  Hotel,  New  York,  on  December  Sth,  1886,  the  following 

resolutions  were  unanimously  adopted : 

"  '  That  the  action  of  the  Wrought-Iron  Pipe  Association,  in  adopting  the  Briggs 
Standard  as  the  Standard  Iron  Pipe  Gauge  of  the  United  States,  be  indorsed,  and 
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that  as  Manufacturers  of  Brass  and  Iron,  Steani,  Gas  and  Water  Work  we  will 
act  in  conformity  with  the  resolution  adopted  by  them;  and  that  as  a  measure  of 
safety  to  ourselves,  iD  order  to  avoid  any  difficulty  with  our  customers  at  any 
time,  that  the  Secretary  of  this  Association  be  authorized  to  correspond  with  the 
Secretaries  of  the  Wrought-Iron  Pipe,  Cast-Iron  Fittings  and  Malleable  Fittings 
Associations,  and,  if  acceptable  to  them,  that  an  order  be  given  by  these  Asso- 
ciations to  The  Pratt  &  Whitney  Co.,  Hartford,  Conn.,  for  one  set  of  Standard 
Gauges,  and  that  such  set  of  Gauges  be  presented  to  the  American  Society  of 
Mechanical  Engineers  as  a  matter  of  reference  for  all  our  united  members,  to  be 
held  by  them  in  case  of  any  dispute  arising  as  to  whether  the  members  of  these 
Associations  are  manufacturing  to  the  standard  or  not. 

"  'Resolved,  That  the  thanks  of  this  Association  are  due  to  Mr.  Bond  for  his  en- 
lightened, gentlemanly  and  courteous  manner  in  presenting  this  matter  for  our 
attention.' 

"  Yours  truly, 
(Signed)  "  S.  L.  Morison,  Secretary." 


For  comprehensive  information  regarding  the  subject  of  stand- 
ard pipe  and  pipe  threads,  as  applied  in  American  practice,  your 
Committee  would  refer  all  who  may  be  interested,  to  the  Excerpt 
Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers  of 
Great  Britain,  vol.  lxxi.,  Session  1882-83,  Part  I.  containing  the 
paper  of  the  late  Robert  Briggs,  C.  E.,  presented  and  read  after 
his  death,  on  "American  Practice  in  Warming  Buildings  by 
Steam,"  which  also  includes  the  discussion  which  followed. 

Referring  specially  to  the  subject  your  committee  has  had  in 
hand,  the  following,  from  the  text  and  tables  of  the  paper  of  Mr, 
Briggs  is  here  presented,  giving  completely  the  data  upon  which 
the  Briggs  standard  pipe  thread  sizes  are  based.     .     .     . 

"  The  taper  employed  for  the  conical  tube-ends  is  uniform 
with  all  makers  of  tubes  or  fittings,  namely  an  inclination  of  1  in 
32  to  the  axis.  Custom  has  established  also  a  particular  length 
of  screwed  end  for  each  different  diameter  of  tube.  Tubes  of  the 
several  diameters  are  kept  in  stock  by  manufacturers  and  mer- 
chants, and  form  the  basis  of  a  regular  trade  in  the  apparatus  for 
warming  by  steam.  A  knowledge  of  all  these  particulars  is  there- 
fore essential  for  designing  apparatus  for  the  purpose.  The  ruling 
dimension  in  wrought-iron  tube  work  is  the  external  diameter  of 
certain  nominal  sizes,  which  are  designated  roughly  according  to 
their  internal  diameter.  These  nominal  sizes  were  mainly  estab- 
lished in  the  English  tube  trade  between  1820  and  1840,  and  cer- 
tain pitches  of  screw-thread  were  then  adopted  for  them,  the 
coarseness  of  the  pitch  varying  roughly  with  the  diameter,  but  in 
an  arbitrary  way  utterly  devoid  of  regularity.     The  length  of  the 
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screwed  portion  on  the  tube  end  varies  with  the  external  diameter 
of  the  tube  according  to  an  arbitrary  rule-of-thumb ;  whence  re- 
sults, for  each  size  of  tube,  a  certain  minimum  thickness  of  metal 
at  the  outer  extremity  of  the  tapering  screwed  tube-end.  It  is 
the  determination  of  this  minimum  thickness  of  metal,  for  the 
tapering  screwed  end  of  a  wrought-iron  tube,  which  constitutes  the 
question  of  mechanical  interest. 

"  A  longitudinal  section  of  the  tapering  tube-end,  with  the 
screw-thread  as  actually  formed,  is  shown  full  size  in  Fig.  105 
for  a  nominal  2¥  inch  tube,  that  is,  a  tube  of  about  21  inches  in- 
ternal diameter,  and  2-J  inches  actual  external  diameter. 

"  The  thread  employed  has  an  angle  of  60° ;  it  is  slightly 
rounded  off  both  at  the  top  and  at  the  bottom,  so  that  the  height 
or  depth  of  the  thread,  instead  of  being  exactly  equal  to  the  pitch, 

is  only  four-fifths  of  the  pitch,  or  equal  to  0.8  -,  if  n  be  the  num- 


Fig.  105. 

(Thread  of  2\ 

inch  tube. 

Full 

size. ) 

i                  . 

~~r"r 

_--0.028" 
/  0.100" 
-4  0.075" 

fr-  4  threads  _^2  thr.4-     Complete  thread.     — >l 
J      imperfect.     ,  full  at]        T=(4.8+0.S  DIP 

I    root,  j  v  '  \ 

I                            '              !  ' 

f. 0.50     -+  0.25^j« 0.89    j| 

ber  of  threads  per  inch.     For  the  length  of  tube-end  throughout 
which  the  screw-thread  continues  perfect,  the  empirical  formula 

used  is  (0.8  D  +  4.8)  x  -,  where  D  is  the  actual  external  diameter 

n 

of  the  tube  throughout  its  parallel  length,  and  is  expressed  in 

inches.     Further  back,  beyond   the  perfect    threads,  come  two 

having  the  same  taper  at  the  bottom,  but  imperfect  at  the  top. 

The  remaining  imperfect  portion  of  the  screw-thread,  furthest 

back  from  the  extremity  of  the  tube,  is  not  essential  in  any  way 

to  this  S}^stem  of  joint ;  and  its  imperfection  is  simply  incidental 

to  the  process  of  cutting  the  thread  at  a  single  operation.     From 

the  foregoing  it  follows  that,  at  the  very  extremity  of  the  tube,  the 

diameter  at  the  bottom  of  the  thread, 


I) 


"2  x  (0.8  D  +  4.8)      2x0.8" 


=  D  -  (0.05  D  +  1.9)  x  1. 

n 


32  n  n 

The  thickness  of  iron  below  the  bottom  of  the  thread,  at  the  tube 
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extremity,  is  empirically  taken  to  be  =  0.0175  D  +  0.025.     Hence 
the  actual  internal  diameter  d  of  any  tube  is  found  to  be,  in  inches, 


d  =  D  -  (0.05  D  +  1.9)  x  -  -  2  x  (0.0  L75  D  +  0.025), 


or 


D      19 
d  =  0.965  D  -  0.05  -  -  — 

n         n 


0.05. 


For  the  various  sizes  of  tubes,  ranging  from  £  inch  to  10  inches 
nominal  internal  diameter,  with  their  corresponding  numbers  of 
screw-threads  per  inch,  the  actual  internal  diameter  d  is  expressed 
by  the  following  Table  I.  in  terms  of  the  actual  external  diameter 
D. 

TABLE   I. 

DIAMETERS   OF   WK0UGHT-IR0N  WELDED  TUBES. 


Nominal  Internal 

Number  of  Screw- 

Actual  Internal  Diameter  d  in  Terms  of  Actual  External 

Diameter  of  Tube. 

tlireads  per  inch. 

Diameter  D. 

Inches. 

No. 

Inches. 

£ 

27 

d  =  0.9631  D-  0.1204 

k  and  f 

18 

d  =  0.9622  D-  0.1556 

i  and  4 

14 

cZ  =  0.9614  D-  0.1857 

1,  14,  Hand  2 

1H 

d  =  0.9(307  D-  0.2152 

2i  to  10 

'8 

rf  =  0.9587  D-  0.2875 

"  The  figures  derived  from  this  statement,  which  are  of  impor- 
tance for  practical  use,  are  presented  in  detail  in  the  accompany- 
ing Table  II.  in  a  convenient  order  for  reference. 

"  The  number  of  screw-threads  per  inch  for  the  several  sizes  of 
tubes  is  here  accepted  from  customary  usage.  It  is  the  work- 
man's approximation  to  the  pitch  practically  desirable,  and  much 
reluctance  must  consequently  be  felt  in  calling  it  in  question. 
Still  it  would  have  been  better  to  investigate  the  general  case 
upon  the  basis  of  a  pitch  ranging  in  closer  accordance  with  the 
range  of  tube  diameter.  Thus  the  nominal  .^-inch  tubes  might 
have  had  16  threads  per  inch  ;  |  inch,  14  threads ;  1  and  1  \  inch, 
12  threads;  1|  and  2  inches,  11  threads;  2|  to  3.^  inches,  10 
threads ;  4  to  6  inches,  8  threads ;  7  to  9  inches,  7  threads  ;  and  10 
inches,  not  more  than  6  threads  per  inch.  The  existing  numbers 
of  threads  however,  as  given  in  Tables  I.  and  II.,  are  now  too  well 
established  to  be  disturbed ;  at  all  events  they  must  be  taken  in 
any  statement  of  present  practice. 
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TABLE    II. 
STANDARD  DIMENSIONS   OF   WROUOHT-IRON   WELDED   TUBES. 


DIAMETER  OF  TUBE. 

THICKNESS   OF 
JIETAL. 

SCREWED  ENDS. 

Nominal 
Inside. 

Actual  Inside. 

Actual  Outside. 

Number   of 

Threads  per 

Inch. 

Length  of 
Perfect 
Screw. 

Inches. 
i 

4 
1 
i 
1 
1 

14 

n 

2 

2i 
3 

3+ 
4 
4i 
5 
6 
7 
8 
9 
10 

Inches. 
0.270 
0.364 
0.494 
0.623 
0.824 
1.048 
1.380 
1.610 
2.067 
2.468 
3.067 
3.548 
4.026 
4.508 
5.045 
6.065 
7.023 
8.982 
9.000 
10.019 

Inches. 
0.405 
0.540 
0.675 
0.840 
1.050 
1.315 
1.660 
1.900 
2.375 
2.875 
3.500 
4.000 
4.500 
5.000 
5.563 
6.625 
7.625 
8.625 
9. 688 
10.750 

Inch. 
0.068 
0.088 
0.091 
0.109 
0.113 
0.134 
0.140 
0.145 
0.154 
0.204 
0.217 
0.226 
0.237 
0.246 
0.259 
0.280 
0.301 
0.322 
0.344 
0.366 

No. 
27 
18 
18 
14 
14. 

m 
in 
in 

1H 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

Inch. 
0.19 
0.29 
0.30 
0.39 
0.40 
0.51 
0.54 
0.55 
0.58 
0.89 
0.95 
1.00 
1.05 
1.10 
1.16 
1.26 
1.36 
1.46 
1.57 
1.68 

Taper  of  conical  tube-ends,  1  in  32  to  axis  of  tube. 


DISCUSSION. 

Mr.  Oberlin  Smith. — I  want  to  ask  Mr.  Bond  whether  the  com- 
mittee have  ascertained  what  the  condition  of  pipe  threads  is  in 
England — whether  there  is  any  general  standard  in  use  there,  and 
how  near  the  Briggs  standard  conforms  to  it.  I  also  want  to  ask 
whether  the  brass  valve  manufacturers  in  this  country  have  been 
generally  approached  on  this  subject.  The  report  speaks  of  the 
cast-iron  fittings  men  and  the  pipe  men.  It  does  not  mention 
particularly  the  valve  manufacturers. 

Mr.  Bond. — I  can  say,  in  answer  to  Mr.  Smith,  that  the  second 
circular  letter  referred  to  in  the  report  which  was  addressed  to 
the  fittings  manufacturers,  included  the  names  on  the  list  received 
from  Mr.  S.  L.  Morison,  Secretary  of  the  Fittings  Manufacturers' 
Association,  and  embraced  nearly  all  ike  manufacturers  of  valves 
and  fittings.  There  were  over  seventy  firms  and  corporations 
representee^  and  quite  a  number  of  them  were  valve  manufacturers, 
both  of  brass  and  iron. 
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In  regard  to  the  first  question,  Professor  Hutton  banded  me  a 
letter  last  evening  which  is  of  interest  to  our  society  and  our  com- 
mittee, which  refers  to  this  very  subject,  from  Dr.  Chaney,  Super- 
intendent of  the  Standards  in  the  Bureau  of  Weights  and  Meas- 
ures of  Great  Britain.  The  letter  speaks  of  the  very  unsatisfac- 
tory condition  of  the  pipe-thread  standards  of  that  country,  and 
inquires  in  detail  about  what  the  Society  is  doing,  in  the  hope 
that  they  may  be  helped  in  a  similar  effort  in  England  and  its 
colonies.  So  that  it  would  seem  there  is  a  tendency  to  make  an 
effort  to  adopt  some  uniform  standard  which  is  probably  not  in 
existence  there  at  the  present  time.  Our  committee  has  not 
undertaken  to  correspond  with  English  manufacturers  or  to  have 
anything  to  do  with  the  English  standard,  because  their  standard 
is  different  from  ours.  The  threads  are  cut  straight  and  are  dif- 
ferent in  pitch.  All  the  work  we  had  in  hand  was  the  pipe  made 
or  used  in  the  United  States. 

Mr.  Wm.  Kent. — I  think  the  committee  deserve  the  thanks  of  the 
Society  tor  the  admirable  manner  in  which  they  have  conducted 
their  duties,  and  for  the  presentation  of  their  report,  which  will 
no  doubt  fix  the  question  of  standard  threads  for  some  time. 

Mr.  Stirling. — It  seems  to  me  that  this  report,  so  far  as  it 
goes,  is  very  exhaustive,  and  leaves  nothing  to  be  desired  as  far  as 
it  concerns  this  country.  But  I  had  occasion  within  a  month  to 
send  some  machinery  to  a  part  of  the  British  dominions,  in  Aus- 
tralia, and  we  had  to  send  a  piece  of  pipe  with  our  thread  cut  on 
one  end,  leaving  the  other  end  to  be  cut  to  suit  the  fittings  which 
would  be  found  there.  It  occurs  to  me  that  it  would  be  well  for 
this  Society  to  communicate  with  the  sister  societies  in  Great 
Britain,  and  to  see  about  arranging  for  a  uniform  standard  for  all 
parts  of  the  world.  It  seems  to  me  that  is  a  practicable  thing 
and  very  desirable. 

Mr.  Oberlin  Smith. — Mr.  Stirling's  ideas  coincide  with  mine 
entirely.  Are  we  so  committed  to  this  Briggs  standard  as  to 
have  actually  recommended  it  to  the  manufacturers  ? 

The  Chairman. — It  is  the  other  way ;  I  think  they  have 
adopted  it. 

Mr.  Bond. — Tour  committee  recommended  the  adoption  of  the 
Briggs  standard.  There  is  no  doubt  at  all  about  the  advisability, 
if  it  were  possible  to  do  so,  of  changing  the  pitches  of  the  thread, 
because  the  two-inch  pipe  is  eleven  and  one-half  threads  to  the 
inch,  while  the  next  size  larger   is  much  coarser,  being  eight 
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threads  to  the  inch ;  so  that  with  the  thickness  of  pipe,  as  now 
made,  it  has  a  tendency  to  weaken  the  joint  at  that  point.  There 
is  no  doubt  that  at  the  time  when  the  Briggs  standard  was 
carried  out  by  Mr.  Briggs  himself,  the  iron  for  pipe  was  made 
of  a  heavier  gauge ;  there  was  greater  thickness  of  metal,  and  it 
would  stand  a  deeper  thread.  But  the  process  of  manufacture 
now  is  so  much  improved  that  strong  pipe  is  made  without  re- 
quiring it  to  be  so  thick,  and  of  course,  if  too  thin,  eight  threads 
to  the  inch  cuts  pretty  deeply  into  the  pipe.  If  your  committee 
had  undertaken  to  make  any  change  in  the  pitches  of  the  thread 
we  would  have  met  with  an  opposition  that  would  have  defeated 
everything  for  which  we  were  working.  Your  committee  took 
the  ground  that  if  the  original  Briggs  standard  thread  could  be 
adopted  in  the  original  pitches,  and  have  the  sizes  made  uniformly 
to  gauges,  so  that  they  would  be  practically  interchangeable,  with 
the  allowance  of  a  variation  of  one  turn  either  way,  which  is 
certainly  close  enough  for  interchangeability,  the  Avhole  matter 
would  be  practically  remedied.  In  the  test  made,  the  larger 
sizes  and  some  of  the  smaller  sizes  exhibited  a  variation  quite 
enough  to  throw  out  the  Briggs  standard  ;  but  at  the  same  time, 
the  average  showed  conclusively  that  it  was  to  the  interest  of  the 
different  manufacturers  to  work  to  some  definite  standard,  and  as 
the  Briggs  standard  covered  the  ground  so  completely  your  com- 
mittee advocated  its  re-adoption.  The  only  way  to  carry  out  this 
system,  of  course,  is  to  work  to  gauges  which  are  truly  represent- 
ative of  the  Briggs  standard  thread. 

Mr.  Smith. — It  is  very  desirable  that  there  should  be  a  com- 
mon standard  all  over  the  world.  I  do  not  know  what  is  done 
in  France  and  Germany  ;  but  even  if  we  could  coincide  with  Eng- 
land, it  would  be  a  good  thing.  It  may  be  they  will  adopt  the 
Briggs  standard  after  we  get  it  going  ;  perhaps  it  is  the  best  thing 
this  Society  can  do  to  recommend  this  standard,  although  if  it  is 
going  to  keep  back  an  international  standard,  I  would  be  sorry. 

Mr.  G.  L.  Fowler. — I  would  like  to  ask  if  that  standard  includes 
the  tube-casing  such  as  is  used  in  salt  wells  and  oil  wells.  We 
have  had  a  good  deal  of  trouble  in  connection  with  that. 

.!//■.  Bond. — I  would  say  that  our  tests  did  not  include  casing 
for  either  salt  or  oil  wells.  There  was  one  sample  received  which 
was  intended  to  represent  casing  for  oil  wells.  It  had  very  much 
finer  thread.  It  was  thrown  out  because  it  was  not  included 
under  the  Briggs  standard.     I  understand  that  in  tube  which  is 
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used  for  natural  gas  and  petroleum  pipe  lines,  where  the  pressure 
is  very  great,  a  finer  thread  is  used  on  the  larger  pipe,  but  it  is 
finer  probably  because  the  necessity  for  a  tight  joint  is  very 
obvious,  and  the  thread  of  eight  to  the  inch  on  three  or  four- 
inch  pipe  seems  to  require  too  much  effort  to  make  the  joint 
sufficiently  tight.  The  Briggs  standard  covers  the  ground  for  all 
threaded  wrought-iron  pipe  for  gas,  steam  and  water  work,  unless 
i   is  outside  of  ordinary  practice. 

Mr.  A.  i?.  Wolff. — I  just  wish  to  suggest  that  it  might  be  well  if 
this  Society  would  indorse  the  action  of  the  committee  on  standard 
pipe  and  pipe  thread  in  advocating  the  Briggs  standard  as  the 
proper  standard  for  this  class  of  pipe  that  Mr.  Bond  has  referred 
to.     I  would  make  that  resolution  if  it  be  in  order. 

Mr.  Kent. — I  rise  to  protest  against  any  such  action.  I  think 
we  established  the  precedent  at  the  Atlantic  City  meeting  that 
this  Society  would  not  indorse  anything.  As  there  is  no  other 
motion  before  the  house,  I  move  that  the  report  of  the  committee 
be  accepted  with  the  thanks  of  the  Society,  and  ordered  printed 
iu  the  transactions. 

The  Chairman. — Before  putting  the  question,  I  would  say  with 
regard  to  Mr.  Smith's  inquiry,  that  it  is  my  understanding  that 
the  matter  of  standard  threads  is  much  more  chaotic  in  England 
than  it  is  here.  "We  are  much  in  advance  of  them  in  that  re- 
spect, and  we  have  nothing  to  gain  by  following  in  their  tracks. 
I  think  that  is  partly  true  of  the  continent  also.  It  is  a  great 
pleasure  to  me  personally,  also,  to  see  this  recognition  of  the 
work  done  by  my  late  friend,  Mr.  Robert  Briggs,  than  whom  we 
never  had  a  more  conscientious,  faithful  engineer  in  the  pro- 
fession in  this  country. 

M/\  Fowler. — Would  it  not  be  well  if  the  work  of  the  com- 
mittee should  include  that  work  of  tubing?  The  engineers  who 
have  charge  of  sinking  salt  wells  have  great  difficulty  in  that 
way.  Manufacturers  will  send  in  4A-inch  casing  cut  with  10  and 
12  threads.  The  pipe  is  expanded  on  one  end  with  the  thread 
cut  on  the  inside  of  the  pipe  ;  the  other  end  is  cut  with  a  thread 
which  has  a  taper  so  that  the  full  thread  is  not  cut  at  the  pipe 
end  of  the  thread.  I  think  it  would  be  a  great  advantage  if  en- 
gineers who  have  charge  of  that  kind  of  work  could  know  that 
the  pipe  they  ordered  would  be  cut  with  the  right  kind  of  thread 
— the  standard  thread — and  not  be  obliged  to  specify  it  in  every 
instance. 
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The  Chairman. — I  suppose  there  is  no  objection  to  considering 
that  a  request  to  the  committee. 

Mr.  W.  H.  Doane. — I  want  to  add  one  word  in  seconding  Mr. 
Kent's  resolution.  I  think  that  the  members  of  the  Society  may 
not  appreciate  how  much  of  hard  and  laborious  work  has  been 
expended  by  this  committee,  as  I  have  had  reason  to  know  myself 
somewhat,  and  it  has  moreover  been  continued  through  many 
months.  Some  of  the  members  of  the  committee,  especially, 
have  given  a  great  deal  of  time,  which  they  could  ill  afford,  and 
I  think,  sir,  if  we  can  establish  this  uniform  system  in  this  coun- 
try it  will  be  a  great  thing,  and  when  that  has  been  accomplished 
I  have  no  doubt  in  my  own  mind  that  the  English  people  would 
be  very  glad  to  follow  after  us.  I  rise,  sir,  to  second  the  motion 
made  to  adopt  this  report,  with  the  thanks  of  the  Society,  and  to 
move  to  continue  this  committee.  They  have  this  matter  fully 
in  hand,  and  when  their  final  report  is  made  up,  I  think  it  will  be 
one  that  will  give  satisfaction  to  every  engineer  present. 

The  motion  was  carried  with  applause. 
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CCXXVII. 

FRICTION  IN  TOOTHED    GEARING. 

BY  PROF.   F.   REULEATJX,  BERLIN,   GERMANY.* 

(Honorary  Member  of  the  Society.) 

The  following  investigation  relates  to  the  friction  of  teeth  in 
spur  gearing  ;  but  it  can  readily  be  adapted  to  bevel  gear  as  well. 

In  a  plane  section  normal  to  the  axes  of  a  pair  of  spur  gears, 
let  two  curves  be  moved  upon  each  other.  For  the  least  possible 
movement  the  amount  of  sliding  at  the  point  of  contact  of  the 
curves  is  equal  to  the  difference  da  —  dst,  in  the  space  passed  over 
by  that  point  on  each  curve  when  both  of  them  move  in  the  same 
direction.  When  they  move  in  opposite  directions,  it  is  equal  to 
the  sum  of  their  paths,  ds  +  dsx  ;  so  that  we  obtain  the  general 
expression  for  the  differential  dg  of  the  amount  of  sliding, 

dg  =  ds  ±  d*v 

In  Figures  1  and  2,  T  and  Tx  are  the  pitch  circles,  and  E  the 
curve  on  which  the  point  of  contact  will  always  lie  for  two  teeth 
in  gear.  A  study  of  the  movement  shows  that  whatever  be  the 
shape  of  the  teeth  the  profiles  will  always  pass  through  the  com- 
mon point  of  contact  in  the  same  direction,  so  that  here  in  every 
case  we  have 

(1) dg  =  ds  —  dsi. 

With  a  working  pressure  Q,  normal  to  the  common  tangent  of 


*  Translated  from  the  original  German  by  Mr.  Wheaton  Kunbardt,  Engineer 
for  the  Bower-Barff  Rustless  Iron  Co.,  of  New  York,  acting  in  co-operation  with 
the  Secretary  of  the  Society.  The  latter  would  put  on  record  in  this  way  the 
obligation  under  which  the  author  and  the  membership  have  been  put  by  the 
chief  translator  for  the  manner  in  which  this  work  has  been  done,  as  a  contribu- 
tion to  the  transactions  of  the  Society. 
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the  tooth-profiles,  and  a  coefficient  of  friction  f,  the  work  of  fric- 
tion for  a  pair  of  teeth  is 


(2) 


W=[Qf  (ds-dsj. 


Fig.t 


This  general  expression  can  readily  be  applied  to  the  different 
kinds  of  toothed  gearing. 


EPICYCLOIDAL  GEARING. 

Geometrical  Investigation. — In  Figure  3,  let  T  be  the  pitch  arc 
and  D  the  describing  circle  with  which  the  profile  of  a  tooth  is 
drawn.  Eeferring  to  Figure  3,  the  hurtful  work  of  friction  on  one 
side  of  the  line  of  centers  0  0X  is 

(3) W'=f\Q(ds'-dSl'); 

and  the  useful  work 


(4) 


U'=  [QRsmadW, 


in  which 


6^£V==^(180~2*'); 
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and  hence 

(5) tiff  =  -  2-^  da'. 

Then,  for  the  hurtful  work  relatively  to  the  useful  work,  we  obtain 


/j  Qids-ds,') 


:  -77/  =  ■; ^ =/- 

R  sin  <*'  2  -=■  6?a-'  2  r  cos  a 


V'~\-Q 


or,  if  the  respective  parts  of  the  teeth  which  slide  in  contact  are 
designated,  as  in  Figure  4,  we  have,  for  an  arc  of  approach, 


(6) 


U'       -   2  r  cos  a' 


and  for  an  arc  of  recess  on  the  other  side  of  the  line  of  centers, 
.... 


"  _  El    f  *"  -  *" 


2  r  cos  a ' 
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and  hence,  for  the  total  loss : 

_  w  _    W  +  W"  _  U'        L    „       U" 

P~  U  ~  U'  +  U"  ~P  U'  +  U"     P   U'  +  u,,; 

for  which,  by  substitution  of  the  values  of  V  from  equation  4, 
and  the  corresponding  value  of  U",  we  can  also  put 


9' 


8" 


If  the  length  of  the  whole  arc  of  action  measured  on  the  pitch 
circle,  on  both  sides  of  the  line  of  centers,  be  denoted  in  terms  of 


Fig.  4. 


the  circular  pitch  by  £  * — equal  to  e'  +  e" — we  have  from  the  last 
equation  and  from  Figure  3,  since  the  arcs  are  proportional  to  the 
subtended  angles, 


(8) 


E  £ 


Introducing  into  this  equation  the  values  of  p'  and  p'  in  (6)  and 
(7),  we  have 


P 


s>  _  Sl>    £'         Sl"  -  s"    e" 


+ 


2r  cos  oc'  £        2/'  cos  a'    e  /' 


in  which  2r  cos  a'  and  2r  cos  a"  are  the  chords  of  the  two  parts 
of  the  curve  of  contact  on  either  side  of  the  line  of  centers,  00' 


*  See  the  author's  Konstrukteur. 
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(see  Figures  3  and  6).  Designating  the  whole  chord  by  S,  and  the 
parts  respectively  by  aS"  and  S",  we  have 

(0). . .  .P=f(^u^A^ 

e'  f" 

Here—  and  —  are  respectively  the  lineal  ratios  of  the  arc  of  ap- 
proach and  arc  of  recess  to  the  whole  arc  of  action  on  the  pitch 
circle.  But  as  these  arcs,  in  epicycloidal  gearing,  which  we  are 
now  considering,  are  of  the  same  length  as  the  corresponding 
parts  of  the  curve  of  contact  on  the  describing  circles,  the  ratios 
are  equally  those  of  the  two  parts  of  the  curve  of  contact  to  the 
whole  curve.  In  formula  (9)  the  value  of  the  bracketed  expression 
can  be  determined  graphically,  and  when  the  quantities  are  found 
the  value  of  p  may  be  expressed  in  the  following  rule  : 

Find  the  difference  in  length  between  the  two  tooth-profiles  which 
work  in  contact  on  the  same  side  of  the  line  of  centers,  and  divide  it 
by  the  chord  of 'the  respective  curve  of  contact ;  multi-ply  the  quotient 
by  the  ratio  betiveen  this  curve  and  the  whole  curve  of  contact  /  add 
the  quantities  thus  found  for  either  side  of  the  line  of  centers,  and 
multiply  the  sum  by  the  coefficient  of  friction  to  obtain  the  toted  loss 
of  work,  p.* 

In  Figure  6  the  outside,  or  tip,  circles  t  K  and  Kx  intersect  the 

*  We  have  in  the  above  been  proceeding  on  the  assumption  that  only  one  pair 
of  tooth-profiles  is  in  gear  at  a  time,  whereas  actually  each  pair  is  brought  into 


engagement  while  the  preceding  pair  is  still  in  action.     Bat  this  is  as  though  wo 
had,  in  Figure  5,  for  the  pressure  between  the  teeth  on  the  curve  of  contact, 

between  points  1  and  2,   Q'  =  Q  —  Q " 

and,  at  the  same  time,  "  "       3  and  4,  Q"  —  Q  —  Q  ; 

or,  taken  together,  Q '  +  Q  "  =  Q  ; 

and  hence  our  assumed  case  holds  good  in  practice.    To  fiud  points  2  and  3,  make 
the  portions  1-3  and  2-4  of  the  curve  of  contact  equal  to  the  pitch. 

f  In  Brown  &  Sharpe's  Practical  Treatise  on  Gearing,  the  tip  circle  is  denomi- 
nated "addendum  circle." 

4 


50 


FRICTION  IN   TOOTHED    GEARING. 

curve  of  contact  in  the  points  /  and  //,  and  so  limit  the  line  of 


actual  contact,  which,  divided  by  the  circular  pitch  of  the  teeth,  t 
g,ves  the  value  *  ,n  terms  of  the  pitch.     Arcs  described  from  the 
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centers  of  the  pitch  circles,  O  and  Ou  with  01  and  Oil as  radii, 
intersect  the  flanks  of  the  teeth  and  determine  the  lengths  of  sx' 
and*".  The  arcs  PI  and  PII,  divided  by  the  pitch  of  the  teeth, 
t,  give  the  value  of  the  arcs  of  approach  and  recess,  e'  and  e"  in 
terms  of  the  pitcli. 

Analytical  Investigation. — Retaining  the  same  notation  and  re- 
ferring to  the  former  figures,  we  have,  from  the  developments  of 
analytical  geometry  for  epicycloidal  curves, 

s'  =  4r   (1  —  cos-^ )  — q —  ar>d  si  —  ^r   ( 1  - 

Substituting  these  values  in  Equation  6  : 


4r  (  1—  cos 


p  \  2  /  (R  +  r      Rx- 


f  2r  cos  a'        \    R  R, 


or,  since  r  cos  at  =  zr  sin  -jy, 


1  —  cos 


£  _  2  2  (RRi  +  Ri  r~RRi  +  R>' 


f  .    <p'     \  RRx 

sin  y 

whence,  by  simple  reduction, 

nm  P'        o    4-       <p'R  +  Ri 

w /  =2rtanT-7£ar 

But  as  angle  <p'  is  small,  we  may  consider  2r  tan  —  =  — — 


r  ~~  and  therefore 

A 


y  _    ^  r  +  r, 

f  ~  r  2     i?^ 


Denoting  the  number  of  teeth  in  the  two  wheels  in  gear  by  Z 
and  Zx>  and  the  circular  pitch  by  t,  we  have  InR  —  Zt,  and  from 
Figure  3,  rep'  =  e't  •  introducing  these  two  values  into  the  last 
equation,  we  find 

v  _  rt  <*  +  *>  I 
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and  reducing, 

(") '=*(£**)'• 

the  negative  sign  wit-hin  brackets  being  applied  to  internal,  and 
the  positive  sign  to  outside  gearing.  For'  the  total  loss  through 
friction  we  have,  as  in  Equation  8, 

,  s'  „  e" 

P  =  P  -  +  p    j. 


or,  multiplying  the  second  member  by  - 


(12). 


From  Equation  8  and  from  the  general  value  p  =  p'  +  p",  we 
deduce 

P'        e'  „  ,£" 

£-.  =  _  or  p    —  p  — . 

p  e  *  1      e 

Substituting  this  in  (12), 

'    V2  4-  e' 


(13) i>=f(- 


£ 


Introducing  here  the  value  of  p  from  (11)  we  obtain,  finally, 

(14) P-^Kz^zj — — " 

The  interpretation  of  this  formula  shows  that  a  large  value  for 
s,  that  is,  a  long  contact,  is,  contrary  to  the  practical  impression 
received  at  first  sight,  unfavorable  because  the  value  of  p  in- 
creases with  it ;  and  also  that  the  ratio  e' :  e"  exerts  an  impor- 
tant influence.  To  find  a  minimum  value  for  p,  we  have  the  anal- 
ogous general  expression, 

o?  +  (a  —  a?)2 

y  = 

J  a 

Differentiating : 


n 


0  =  2z  -  2  (a  -  x) ; 


FRTCTVOX   IN   TOOTHED   GEARING. 


53 


whence, 


or,  in  this  particular  case, 


x  =  -ha 


s'  =  e"  =  U. 


The  most  favorable  case,  therefore,  ivill  be  that  in  which  the  con- 
tact is  equally  divided  on  either  side  of  the  line  of  centers  00'. 
This  proportion  has  been  so  closely  adhered  to  in  epicycloiclal 


gearing  for  standard  wheels  of  my  own  design  (r  =  %t,  k  =  0.3t, 
f  —  0.4^),*  that  there  is  no  appreciable  inaccuracy  in  calling 
«'  =  e"  ■—  %s,  and  then  we  find  for  the  lost  work  of  friction, 


(15) *=A(2±£) 


Here,  too,  Zx  denotes  the  number  of  teeth  of  the  second  gear, 
and  is  taken  with  the  negative  sign  in  cases  of  internal  gearing, 

*  See  the  author's  KonstruJeteur.  Brown  &  Sharpe,  in  their  treatise  on  gearing 
already  referred  to,  make  k  =  —  =  0.5318*,  hence  somewhat  larger.  The  differ- 
ence  is  trifling  ;  the  adoption  of  this  value  has  certain  practical  merits. 
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showing  that  in  such  cases  there  is  less  friction  than  in  ordinary 
spur  gearing  of  the  same  number  of  teeth. 

The  value  of  e  in  (15)  is  readily  found  by  the  graphic  method, 
but  an  analytical  determination  is  also  possible,  as  follows :  • 

The  two  outside,  or  tip,  circles  of  a  pair  of  engaging  gear-wheels 
always  intercept  the  shorter  portions  of  the  curve  of  contact  and 
so  determine  the  lengths  of  the  two  arcs  of  actual  contact  in  this 
curve,  these  being,  as  above  noted,  equal  in  length  to  the  corre- 
sponding arcs  of  approach  and  recess  on  the  pitch  circles,  or,  in 
Figure  7,  PD  =  PK     But,  from  the  figure, 

v  {at    +  a)")  Z  ,    ,  ... 

(1G)    .    e  =  e'  +  €"  =      K*   t     P)   =  -4-  W  +  <p"), 

in  which  t  =  —^-  =  the  circular  pitch,  and  R  —  2r,  so  that  the 

teeth  have  radial  flanks.    Again,  to  find  a  value  for  <p'  we  have  from 
the  triangle  O'MD,  ~0W  +  MD%  -  WM-  MD~cos  <p'  =  6U%. 
or 

<jt  +  rf  +  r*  -  (R  +  kf 

COS  qf  = a  r  n~, \ 

2  (A  +  r)  r 

R2  +  r-  +  2Rr  +  r*  -  R2  -  ¥  -2Rk 


(17). 


2Rr  +  2r 

Rr  -  Rh+  r*  -  U-. 
Br  +  ir  n 


Zt  Zt 

Introducing  into  (17)  the  values  R  =  ~— ,  r  =  -r- ,  Z  =  11,  I'  — 

0.3^,  and  substituting  in  (16)  the  value  of  cos  q>'  thus  found,  we 
have,  approximately 

,1Qv  7  /  1.27Z+10   ,  1.27Z±10\ 

(18)    e  =  I  ^arc  cos  -^  +  n     +  arc  cos    2Zi  ±  n  > 

the  negative  sigus  being  used  when  Zx  belongs  to  an  internal  gesir- 
wheel.  Formula  (18)  can  very  well  be  approximated  for  all  values 
from  Z  —  6  upwards,  as  follows  : 

a),  for  spur-wheels,  e  =  1.216  +  0.0004S  (Z  +  Zt). 
b),  when  Zx  refers  to  an  internal  gear,  s  =  1.431  +  0.00048Z  — 
0.0001Z,. 

c),  for  a  rack  and  pinion  gear,  e  =  1.396  +  0.00048Z. 
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We  obtain  further,  for 

Z=  Zx       =  7,          the  value  s  =  1.25 

Z=  7,  Z1=  oo,            "  "      e=  1.40 

Z  =  7,  Zi  =  -    60,    "  "      s  =  1.43 

Z  =  60,  Zt  .=  -  300,    "  "      e  =  1.43 

We  are  now  enabled,  as  in  the  following  examples,  to  find 
numerical  values  for  the  loss,  p. 

Example  1. — Number  of  teeth,  Z  =  7  and  Zx  =  7 ;  coefficient  of 
friction  0.15  (introduced  here  with  rather  a  high  value  on  account 
of  the  narrowness  of  the  surfaces  in  contact).  We  have  for  this 
case,  as  above  shown,  £  =  1.25 ;  and  hence,  from  formula  (15) : 

p  =  0.15  •  3.14  f~+  ~\  i^5  =  0.0628  ■  3.14  =  0.08419,  or  8.4 

per  cent. 

Example  2.- — Z  =  7,  Zx  —   go  (rack).     Here  s  is  =  1.40,  and  p  = 

0.15  •  3.14  f~  +  Oj  ^|-  =  0.015  •  3.14  =  0.047,  or  4.7  per  cent. 

Example  Z.—Z  =  28,  Z,  =  oo,  whence  e  =  1.396  +  0.00048  = 

1.41, and p  =  0.15  .  3.14  Q,  +  o)  ^  =  0.0038  .  3.14  =  0.0119, 

or  1.19  per  cent. 

Example  4.— Z  =  30,  Zx  =  30.     We  find  s  =  1.346  +  0.00048 

(30  +  30)  =  1.275,  and  then  p  =  0.15  ■  3.14  Q^  +  i)  i^5  = 

0.006375  •  3.14  =  0.02,  or  2  per  cent. 

Example  5. — Z  —  30,  Zx  —  —  40  (annular  wheel).  We  find 
s  =  1.431  +  0.00048  •  30  -  0.0001  •  40  =  1.44,  and  p  =  0.15  •  3.14 

1  1  \  1  44 

0.0009  •  3.14  =  0.0028,  or  0.28  per  cent. 


30      40/     2 

INVOLUTE   GEARING. 

Geometrical  Investigation, — We  have  here,  as  in  equations  (3) 
and  (4),  for  the  work  of  friction  and  the  useful  work  respectively, 

W  =f[Q  (els  -  dSl),  and  V  =  \qR  sin  a'dO'. 

In  the  present  case,  however,  a   is  a  constant,  so  that  V  ^= 
QR  sin  ad',  and 

W  \ds'  ~  fa 

(1°) P'~W~f     Rsina'd'' 
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But  M  sin  a'8'  is  the  arc  of  recess  measured  on  the  root  circle 
/',  and  hence,  from  the  property  of  the  involute,  it  is  equal  to  the 
portion  E',  Figure  8,  of  the  curve,  or  path,  of  contact,  coinciding 

o 


here  with  the  straight  line  of  pressure  BQ.     Equation  (19)  there- 
fore becomes 


and,  similarly, 


P    =/-&- 


P     =f^^r 


E 


These  expressions  correspond  with  formulae  (6)  and  (7) — the 
chords  of  the  curve  of  contact,  2r  cos  cc  arid  2/1  cos  a",  of  the 
former  case  being  identical,  in  the  latter,  with  the  line  of  contact 
itself.     But  again,  as  in  Equation  8, 

e'  s" 

P  =  P  j  +  P  y 

Substituting  in  this  the  above  values  ofy/  and  j> ", 


r  /«*  —  *i'  € '       *i"  —  *"  e" 


E'      e 


E"     s 


Here,  as  before,  s'  and  s1'  are  the  parts,  and  e  the  whole,  of  the 
curve,  or  line,  of  contact  expressed  in  terms  of  the  pitch.     If, 
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therefore.  t0  denote  the  root-pitch  (measured  on  the  root  circle 
r),  then 

E'        ,     E"        „  ,    E'  +  E 

-j-  =  €,     —  =  e  ,     and =  s. 

Introducing  these  values  of  s,  e'  and  s"  into   the  last  equation. 
we  obtain 

is  +  ,s-r)  -  (*"  +  o 


£"  +  £"'    '    E'  +  E 


r,)=f 


E 


An  easy  graphic  solution  of  this  expression  results  in  the  follow- 
ing rule : 

Add  together  the  lengths  of  the  two  faces  («'  and  Sj",  Figure  9),  and 


also  the  lengths  of  the  active  portions  of  the  two  flanks  (s"  and  8t', 
Figure  9) ;  subtract  the  second  sum  from  the  first,  and  divide  the  re- 
mainder by  the  length  of  the  line  of  contact  {I  —  II  —  E)  •  multiply 
the  quotient  by  the  coefficient  of  friction,  /,  and  the  product  will 
be  the  total  loss,  p.* 

Analytical  Investigation. — If  r  and  6'  denote  the  angles  of  ap- 

*To  find  the  values  of  s/,  s",  E,  etc.,  set  a  pair  of  compasses  to  quite  a  small 
opening — say  \  to  -.',;  inch— and  space  off  the  curves  which  are  to  be  rectified, 
keeping  count  of  the  number  of  spaces  measured. 
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proach  aud  recess,  both  taken  with  reference  to  the  root  circle,  as 
represented  in  Figure  S,  then  we  may  put  for  Equation  (19)  : 


P  _ 


fr  +  9  Tl 

J    re'dd'  -      rxe;dd{ 


f  R  sin  a' 6' 

Integrating,  and  substituting  for  R  sin  a'  its  value  /',  we  have 

,      L  (0*  +  T2  -  Wt  -  r>)  -  ~*  (ra2  -  rt*  -  Bf  +  2rA') 


P 

7  ~ 

Reducing : 

,      r-P  +  rT<r-+'r1'-r1T181 

m  ■  ■  •  7  =  2 J 

But  rO'  =  r^',  both  being  equal  to  E  (Figure  S);  and  r  =  r1(  both 
being  equal  to  cot  a  (because  arc  rr  =  E"  =  R  cos  a',  and  r  = 
„  .  cos  at'  ,-. 


sin  a  ,  Alienee  i  —     .         ;        «■ 
sin  oc 

Substituting  in  (20)  : 

V        r  A1  +  e)       r 

j-re-     r       "¥ 

e 

r 

2           Wi 

Replacing  r  by  its  value  R  sin  a 


P 


R  sin  «'0'  R  +  i?i  sin  or'         R  +  Rx     RB' 


f  —  2  -fti?i     sin  a'2  i?^  2 

Here,  as  before,  RB',  the  arc  of  recess  measured  on  the  pitch 
circle,  is  equal  to  e't,  so  that 

£  _  R+  R,   «7. 
/  ~     RR,    '  2  ' 

from  which,  reducing  as  for  equation  (11),  Z  aud  Z,  denoting  the 
numbers  of  teeth  of  the  two  wheels, 

(2D f^il  *%)''' 
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and  finally,  deducing  7.?  as  in  Equations  12,  13,  and  14,  we  find 


(22) 


P~P'  +p"=frr 


Z  ±  Zx 


€'  +   € 


which  is  identical  with  the  value  of  p  for  epicycloidal  wheels — the 
negative  sign  and  number  Zx  referring  to  internal  gearing. 

As  in  the  case  of  epicycloidal  gear  the  values  of  e'  and  t"  in  in- 
volute gearing  can  be  analytically  deduced  as  follows  : 

The  two  tip  circles  of  a  pair  of  engaging  gear-wheels  limit  by 
intersection  with  the  describing  circles  the  length  of  the  active 
portions  of  the  curve  of  contact  now  considered.  We  have,  as 
before, 

Bd       BA 


€  =  T- 


=  «'  +  s". 


To  find  a  value  for  e'  we  have  from  the  triangle  O'PD,  Figure  10, 


(  R  +  kf=IP  +  E'2  +  2 E'E"  =  R2+  IFF  sin  «2  +  211*6 sin  a  cos  a, 
from  which  we  deduce 


or 


£     = 


£'  = 


Z  cot 


-  Z 


cot  a  ,  J      1  1     (Z  \  Z2 

7i  sm  a-      7i-   \  2  /        4l7z2 


yin*  si 


sin  o?        4:71- 'J       sin  a2  n~ 


Z  +  1); 
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and  for  the  particular  value  a  =  75°,  whence  sin  a  =  0.96593  and 
cot  a  =  0.26795, 


(23)     .     .      e'  =  -  0.043Z  +  V0.0018Z*  +  0.108  (Z  +  1). 

This  formula  applies  to  outside  spur  gearing ;  for  practical 
purposes  it  is  approximated  with  sufficient  accuracy  in  the  ex- 
pressions : 

e'  =  0.8  +  0.0036Z,  t"  =  0.8  +  0.0036Z1}'  and  e  =  «'  +  t"  =  1.6  + 
0.0036  {Z  +  Z,) ;  and  for  the  rack,  &  =  1.20. 

Example  1. — In  a  pair  of  gear-wheels  assume  Z  =  20,  and 
Zx  =  100  : 

e  =  *'  +  e"  =  0.S  +  0.0036  •  20  +  0.8  +  0.0036  •  100 

=  1.6  +  0.0036  •  180  =  1.6  +  0.331  =  1.932. 

Example  2. — Assume  Z—  20,  Zi  =  20  : 

s  =  1.6  +  0.0036  •  40  =  1.744. 

Example  3. — Assume  Z=  28,  Zt—  go  : 

e  =  0.8  +  1.20  +  0.0036  •  28  =  2.0  +  0.09  =  2.09. 

When  Zi  refers  to  an  internally  geared  wheel,  Equation  (23)  be- 
comes 

8X'  =  0.043Zi  -  VO.OOlSZi2  -  0.10S(Z  -T), 

which  yields  imaginary  values  for  all  cases  in  which  the  number 
of  teeth  in  the  second  member  is  less  than  59.  The  formula  is 
approximated  with  sufficient  practical  accurac}T  in  the  expression 

*'—  1  7  _    ^ 
*"1,7      1000' 

Example  1. — Assume  Zx  =  —  100  :  then  e/  =  1.7  —  0.1  =  1.6. 

Example  2.— Assume  Zx  =  -  200  :  then  ?/  =  1.7  =  0.2  =  1.5. 

In  usual  cases  e'  differs  appreciably  from  e",  and  consequently 

the  mean  value  of  the  factor is  greater  than  -p-.    For  ex- 

e  D  2 

ample,  for 

Z  =  20  and  Z,  =  +  200,  «'  =  0.S  +  0.0036  •  20  =  0.872, 
e"  =  0.8  +  0.0036  •  200  =  1.52 ;  and 
s  =  0.872  +  1.52  =  2.392  ;  and  hence  the  factor 


vf)>(T 


£    = 


V  0.872  y    M.52_yi 

A  2.392  /       \  2.392  /  J 


(0.:J62  +  0.642)  s  =  (0.1296  +  0.4090)  e  =  0.5392  e, 
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which  is  a  little  greater  than  %e.*     We  may  therefore  put  for  for- 
mula (22), 

1         1 


always  bearing  in  mind,  however,  that  in  involute  gearing  £  is  gen- 
erally greater  than  in  epicycloidal  gearing  of  the  same  number  of 
teeth,  and  that  in  the  approximation  which  we  adopted,  the  value 

—  is  for  most  cases  a  trifle  too  small. 

A 

It  will  not  be  uninteresting  to  examine  a  few  numerical  appli- 
cations of  the  last  formula,  as  this  will  enable  us  to  make  a  com- 
parison between  the  two  systems'of  gearing  as  regards  friction. 
Supposing  the  true  involute  curves  applied,  we  must  employ 
numbers  of  teeth  greater  than  19  and  28  respectively,  as  stated 
above. 

Example  l.—Z  =  30,  Zx  =  30.      This  gives 

e  =  1.6  +  0.003G  (30  +  30)  =  1.816,  and^  =  0.15  •  3.14  (-=  +  ~\ 

1-^-  =  0.00908  •  3.14  =  0.0285,  or  2.85  per  cent,  (as  against  2 

per  cent,  in  epicycloidal  gearing). 

Example  2. — Z  —  28,  Zx  =  co  (rack),     f.  as  given  above,  =  2.09, 

which  makes^  =  0.15  •  3.14  f—  +  o)  ^  =0.0056-  3.14  =  0.0175, 

\28         /     2 

or  1.75  per  cent,  (as  against  1.19  per  cent,  in  epicycloidal 
gearing). 

Example  Z.—Z  =  30,  Zx  =  -40;  then  e  =  0.8  +  1.7  + 
0.0036  •  30  -  0.001  •  40  =  2.5  +  0.068  =  2.5GS,  and  p  =  0.15  ■  3.14 

(30  ~  io)  ^r  =  omiG ' 314  =  a005' or  a5  per  ceni  ^as 

against  0.28  per  cent,  in  epicycloidal  gearing). 

If  we  give  up  the  accurate  involute  curves  for  wheels  under  20 
and  28  teeth  respectively,  and  apply  a  sufficient  correction  to  the 
faces,  we  will  find  a  greater  value  for  £  than  in  epicycloidal  gear- 
ing, and  therefore  greater  friction.  Many  engineers  imagine 
that  the  reverse  should  be  the  case. 

*  *  ■&  *  •«•  -:•:-  * 

The  action,  or  contact,  in  involute  gearing  is  not  always  good, 

*  In  my  Konstrukteur  I  have  taken  *e  as  the  mean  value  of  this  factor,  which 
is,  therefore,  too  large. 
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for  with  certain  proportions  between  the  numbers  of  the  teeth  in 
two  engaging  gears,  a  failure  of  action  will  occur.  This  takes 
place  when  that  portion  of  the  curve  of  contact  which  corresponds 
with  the  flank  of  a  tooth  is  shorter  at  its  maximum  than  the  por- 
tion corresponding  with  the  face  of  the  tooth  of  the  eDgaging 
gear.  In  such  a  case,  the  action,  while  geometrically  correct,  is 
physically    impracticable.       For    example,    the   tooth   F-JKX    of 


Fig.  11. 


wheel  1\  is  shown  in  Fig.  11,  just  in  the  position  where  the  inner 
end  /of  the  flank  on  wheel  Thas  been  reached  by  a  point  of  the 
face  IKX.  The  gearing  moving  in  the  direction  of  the  arrow, 
point  A\  will  describe  an  elongated  epicycloid  curve,  whose  loop 
•/j/ij/,!  is  seen  in  the  figure.  This  curve  enters  the  radial  flank 
of  tooth  Fllf,  showing  therefore  that  an  interference  will  take 
place   between  the  teeth.     Gear-wheels  made  with  such  propor- 
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tionsniust  strike  and  wear  each  other  at  the  points  of  interference. 
Practice  sustains  this  deduction,  for  in  all  cases  where  pinions 
with  a  small  number  of  involute  teeth — saj  12  to  15 — are  geared 
into  large  spur-wheels,  a  jog  is  soon  worn  into  the  teeth  of  the 
pinion  just  inside  of  the  pitch  circle  (Fig.  12),  and  this  wear  is  solely 
due  to  the  undesired  action  of  the  profiles,  even  though  they  be 
cut  with  ever  so  much  accuracy.  The  objectionable  interference 
of  the  curves,  as  we  observe  it  here,  seems  to  be  in  exact  contra- 
diction to  the  geometrical  correctness  of  the  system,  but  really 
this  is  not  so.  It  should  not  be  forgotten  that  the  involute  con- 
sists of  two  symmetrical  branches,  one  of 
which  is  the  face  IK;  the  second  one  IK  is 
left  unexecuted  ;  it  lies  symmetrically  disposed 
to  axis  Oil1  opposite  the  branch  IK.  It  is 
with  this  second  branch  of  the  involute  that 
the  part  IKX  of  the  face  of  tooth  i^A^  would 
come  into  true  geometrical  contact ;  this,  how- 
ever, does  not  preclude  that  the  lower  portion 
of  the  first  branch  of  the  involute  could  at  the 
same  time  be  intersected  by  IKX.  In  the 
case  before  us,  the  loop  enters  the  flank  so  far 
that  the  evil  cannot  be  remedied  by  hollow- 
ing out  the  face  along  the  line  of  the  loop 
curve,  as  this  curve  partly  cuts  away — so  to  say — that  short  but 
important  portion  of  the  involute  between  the  pitch  and  the  root 
circle,  which  cannot  be  dispensed  with  for  the  contact  between 
points  P  aud  I.  Every  precaution  should,  therefore,  be  observed 
to  avoid  the  interference  in  question. 

The  number  of  teeth  required  in  order  to  avoid  this  difficulty 
in  the  smallest  involute  gear-wheels — those  having  a  root  circle 
angle  a  of  75° — is  twenty  when  both  wheels  have  the  same  num- 
ber of  teeth  ;  but  it  increases  to  twenty-eight  when  the  engaging 
gear  is  a  rack.*  In  order  to  prevent  this  failing  case  it  would  ap- 
pear necessary  to  reduce  the  angle  a  of  the  root  circle  to  less  than 
75°.  t  But  other  evils  accrue  from  this  reduction,  and  mainly 
that  of  greater  axial  pressure,  so  that  it  has  not  yet  been  adopted 

*See  Konstrukteur. 

\  Brown  &  Sharp-,  of  Providence,  R.  I.,  make  a  slightly  >  75°,  namely  75^°, 
apparently  with  the  intention  of  having  cos  a  =  \  and  so  facilitating  the  design- 
ing of  the  root  circle.  On  the  other  hand,  a  75°  angle  is  so  easily  drawn  with  the 
aid  of  a  30  and  a  45  triangle  that  it  seems  preferable  to  maintain  this  value  of 
a,  which,  moreover,  was  the  one  adopted  by  the  late  Prof.  Willis. 


Fig.  12. 
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in  practice.  The  occurrence  of  this  failing  case  is  to  be  noted 
even  with  the  use  of  Bilgrani's  excellent  gear  cutter.  This  tool 
is  particularly  well  suited  to  cutting  very  accurate  involute  profiles, 
but,  as  explained  above,  the  wheels  should  never  have  less  than 
twenty  teeth.  Another  device  for  guarding  against  the  failing 
case  consists  in  slightly  rounding  off  the  face  profiles  on  wheel  PKX. 
The  proper  amount  of  this  rounding  off  is  readily  determined  by 
drawing  the  different  positions  which  the  flank  of  a  tooth  on  wheel 
7\ZT  will  assume  when  its  pitch  circle  J  is  rolled  upon  T^.*  This 
curve  can  also  be  investigated  theoretically — it  is,  for  example, 
a  cycloid  when  the  tooth  PKX  belongs  to  a  rack.  But  at  best 
this  remedy  for  the  failing  case  does  not  appear  to  be  really  com- 
mendable, for  its  adoption  implies  that  the  principle  of  "  sets  of 
wheels"  has  been  abandoned  in  such  cases — the  correction  being 
in  the  first  place,  not  constant  as  dependent  on  the  number  of 
teeth  of  wheel  P2f,  and  secondly,  not  necessary,  and  even  posi- 
tively incorrect,  as  soon  as  the  number  of  teeth  of  PK  is  greater 
than  twenty-eight. 

LANTERN   GEARING,  f 

e'2  +  e"2 
For  this  case  we  have  e"  =  0,  and  f'  =  e,  and  hence =  £, 

€ 

so  that  the  expression  for  the  lost  work  of  friction,  derived  from 

formula  (14),  becomes 

•        /l         1 

P=f7r  {z±z1 

which  is  twice  as  much  for  the  same  e  as  in  the  cases  above  men- 
tioned. 

BEVEL   GEARING. 

In  bevel  gearing  friction  can  be  determined  by  the  given  formu- 
lae, when  introducing,  instead  of  the  real  numbers  of  teeth,  those 

*  In  the  very  useful  Practical  Treatise  on  Gearing,  by  Brown  &  Sharpe,  already 
referred. to,  attention  is  directed  to  the  failing  case  which  is  here  considered,  but 
its  cause  is  ascribed  to  wide  departure  of  circular  arcs  in  these  gears  from  the 
true  involute  curve,  this  departure  being  so  great  that  points  of  teeth  in  the  one 
wheel  obtain  no  bearing  on  the  flanks  of  teeth  in  the  other.  That  such  is  not 
the  true  cnse  nor  the  proper  explanation  has  been  shown  above,  and  besides,  in 
their  own  book  (p.  21.  Fig.  10),  Messrs.  Brown  and  Sharpe  indicate  clearly,  and 
quite  correctly,  the  intersection  of  the  ends  of  the  tooth  faces  of  a  rack  with  the 
tooth  flanks  of  a  pinion.  The  failing  case  in  question  is  an  unfortunate  element 
in  involute  gearing,  especially  where  wheels  with  only  a  small  number  of  teeth 
are  prescribed. 

\  See  the  author's  Konstrukteur,  4th  Ed.,  p.  534. 
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of  what  may  be  called  the  auxiliary  wheels,  which  are  wheels 
whose  radii  are  the  lines  drawn  from  the  point  of  contact  of  out- 
side pitch  circles  perpendicular  to  the  conical  elements,  and  reach- 
ing the  axes  of  the  wheels  respectively.  The  auxiliary  wheels 
are  always  greater  than  the  real  wheels.  For  a  crown  wheel,* 
for  instance,  the  radius  of  the  auxiliary  wheel  becomes  parallel 
to  the  axis,  and  therefore  infinite,  this  auxiliary  wheel  correspond- 
ing to  the  rack. 

WEAR  OF   TEETH. 

The  wear  of  tooth  surfaces  is  intimately  connected  with  the  ex- 
istence of  friction,  but  not  infrequently  the  question  is  treated  in 
a   misleading   way.     A  common  error   regarding   involute   gear, 


and  one  which  is  firmly  rooted  in  the  minds  of  many  engineers, 
consists  in  the  belief  that,  because  of  the  uniformity  of  the 
pressure  Q,  the  wear  at  all  points  of  the  tooth  surface  will  be  the 
same,  and  that  therefore  the  form  of  the  profile  will  not  be  altered 
by  abrasion.  This  is  altogether  erroneous,  for  the  wear  depends 
both  upon  the  pressure  per  unit  of  surface  and  on  the  amount  of 
sliding  at  each  point.  Owing  to  the  curved  profile  of  the  tooth 
the  problem  of  determining  the  pressure  for  each  square  inch 
becomes  very  complicated,  and  its  solution  can  only  be  approxi- 
mated by  mean  values.     Setting  aside,  therefore,  this  part  of  the 

*  See  Konstrukteur,  4th  Ed.,  p.  546. 
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question,  there  remains  the  amount  of  sliding,  which,  as  we 
found  in  (1)  is 

dg  =  ds  —  dst. 

But  in  all  kinds  of  gearing,  without  exception,  ds  and  dsx,  are  re- 
duced to  0  at  the  pitch  point,*  so  that  theoretically  the  teeth 
would  be  subject  to  no  wear  at  the  pitch  point.  If  they  do,  never- 
theless, suffer  a  small  amount  of  wear  at  that  point,  it  is  due  to 
the  abrasion  of  particles  of  metal  very  near  the  pitch  point,  and 
to  a  certain  amount  of  shaking  and  springing  of  the  axles,  which 
always  produces  a  slight  displacement  of  the  pitch  circles. 

The  greatest  amount  of  sliding  corresponds  with  a  maximum 
value  of  the  angle  0 — that  is,  it  occurs  at  the  beginning  and  end 
of  contact  (assuming  the  approach  and  recess  of  the  teeth  to 
take  place  on  the  two  sides  of  the  line  of  centers  through  the 
axes).  Hence  the  terminal  points  of  the  active  profiles  are  sub- 
ject to  the  greatest  wear.  The  actual  amount  of  wear,  i.  e.,  the 
thickness  of  the  film  of  material  abraded  in  a  unit  of  time,  depends 
geometrically  upon  the  lengths  of  ds  and  dsu  or  taken  for  one  pair 
of  teeth,  upon  the  lengths  s'  and  s/,  s"  and  «/'  (Fig.  6),  of  the  active 
profiles.  A  long  face,  6-',  slides  upon  the  corresponding  short 
flank  s/j  and  «/'  upon  s".  The  short  portion  is  subject  to  as  much 
work  of  friction  as  the  longer  part,  so  that  its  mean  wear  must  be 
greater,  since  the  quantity  of  abraded  particles,  both  teeth  being 
of  the  same  material,  is  the  same  in  both  parts.  The  effect  of  fric- 
tion, therefore,  in  involute  and  epicycloidal  gearing  will  be  repre- 
sented by  the  wear  roughly  indicated  in  dotted  lines  in  Figures  13 
and  14.  The  most  unfavorable  result  is  generally  obtained  in  in- 
volute gear  (Fig.  14),  which  is  just  the  reverse  of  the  erroneous  im- 

ds 
pression  above  alluded  to,  because  f,  and  hence  -p,  is  generally 

s  '  6'" 

larger,  and  — -  and  — 7,  are  smaller  than  in  epicycloidal  gear  of  the 

S  S\ 

same  number  of  teeth.  This  conclusion  has  always  been  sus- 
tained by  my  observations  in  practice,  and  I  entertain  no  doubt 
but  that  others  will  confirm  it. 

*  In  the  case  of  certain  kinds  of  gearing,  which  I  have  called  shield  gearing 
{Konstruktmr ,  4tli  Ed.,  p.  536),  the  pitch  point  does  not  fall  on  the  tooth  profile. 
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DISCUSSION. 


Mr.  Wilfred  Leans. — The  paper  now  under  discussion  treats  of 
a  subject  to  which  I  have  recently  given  considerable  study,  and 
while,  to  some  extent,  it  has  been  gratifying  to  find  my  researches 
substantially  confirmed  by  such  high  authority,  there  are  neverthe- 
less a  few  important  points  wherein  our  views  and  conclusions  dif- 
fer, and  to  these  I  would  ask  your  attention. 

The  first  difficulty  which  I  met  with,  in  reading  the  paper, 
occurs  in  the  formula  immediately  preceding  equation  (8), 

8'  8" 

Equation  (a)  implies  that  the  useful  work  done  during  the  arcs 
of  approach  and  recess  is  directly  proportional  to  the  length  of 
those  arcs  respectively,  and  this,  I  think,  cannot  be  granted  upon 
the  assumption  that  the  normal  pressure  Q  between  the  teeth  is 
constant.  It  is,  I  admit,  a  close  approximation,  but  it  would  seem 
to  be  more  properly  stated  as  such.  Upon  the  assumption  that  the 
moment  of  resistance,  QR  sin  a,  is  constant,  the  useful  work  must 
be  proportional  to  the  angle  8,  but  when  Q  is  assumed  to  be  con- 
stant, the  useful  work  V  has  just  been  demonstrated  by  equation 
(6)  as  proportional  to  2r  cos  a',  that  is,  to  the  chord  of  the  describ- 
ing circle,  and  not  to  its  arc.  The  difference  must  be  very  slight 
indeed,  but  nevertheless,  it  is  just  the  difference  between  an  exact 
and  an  approximate  solution  of  the  problem.  The  "  analytical  in- 
vestigation "  of  the  same  case  does  not  pretend  to  be  absolutely 
correct,  when,  for  example,  a  small  angle  is  taken  for  its  tangent, 
and,  although  this  is  perfectly  allowable  as  a  close  approximation, 
it  could  not  be  accepted  if  presented  as  literal  truth. 

Continuing  the  paper,  I  was  somewhat  surprised  to  find  that  the 
value  of  p,  as  deduced  for  cycloidal  teeth  and  expressed  by  equa- 
tion (14),  was  stated  as  identical  with  the  value  of  p  for  involute 
teeth,  as  expressed  by  equation  (22)  ;  and  reflecting  upon  the  peculi- 
arities just  mentioned,  I  was  led  to  conclude  that  the  identity  of 
the  two  equations  was  due  to  the  fact  that  one  was  derived  by  ex- 
act and  the  other  by  approximate  methods.  That  a  small  differ- 
ence does  actually  exist  in  favor  of  the  involute  form,  has  been 
shown  by  Mr.  George  B.  Grant,*  but  for  other  purposes,  which 

*  American  Machinist,  for  December  26,  1885. 
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will  presently  appear,  I  prefer  to  use  the  following  demonstration 
of  my  own. 

Referring  to  Fig.  68  for  cycloidal  teeth,  and  to  Fig.  69  for  invo- 
lutes, let  A  and  B  be  the  centers  of  two  wheels  gearing  together, 


and  MCN  their  path  of  contact.  Let  D  be  any  point  in  the  path 
of  contact  taken  in  each  figure  for  the  same  arc  of  action  from  the 
pitch  point  C.  Draw  AD  and  BD  and  make  DI  and  DK  per- 
pendicular to  these  lines  respectively.  Draw  also,  at  a  convenient 
distance  from   D,  parallel   to  the  surfaces  in  contact,  and  conse- 

/M 


INVOLUTE  TEETH. 


quently  normal  to  the  line  of  connection  DC,'thc  line  HK,  inter- 
secting the  perpendiculars  to  AD  and  BD  in  the  points  /and  K. 
Then  the  instantaneous  velocity  of  the  point  D  may  be  repre- 
sented in  magnitude  and  direction  by  Dl  in  the  wheel  A,  and  by 
DKixl  the  wheel  B,  and  //Twill  then  be  the  velocity  of  sliding. 
If,  now,  we  prolong  DO  and  draw  BE  parallel  to  AD,  it  is  evi 
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dent  that  the  triangles  DIK  and  BED  will  be  similar,  and  that 
DE  will  represent  the  velocity  of  sliding  in  terms  of  the  ve- 
locity at  pitch  line,  represented  by  BC.  We  have  now  a  con- 
struction for  the  velocity  of  sliding  at  any  point  in  the  path 
of  contact,  expressed  in  terms  of  the  constant  BC;  and  takino- 
the  product  of  sliding  and  pressure  as  proportional  to  the  work 
lost  in  friction,  we  can  readily  find  this  loss  upon  the  assump- 
tion that  the  moment  of  resistance  is  constant.  This  assump- 
tion is  preferred  to  that  of  a  constant  pressure  Q,  taken  by  Pro- 
fessor Keuleaux,  because  it  agrees  more  nearly  with  practical  con- 
ditions, and  therefore  seems  to  give  a  more  natural  basis  of  com- 
parison, although  of  course,  for  analytical  purposes,  either  is  cor- 
rect. It  is  also  thought  that  by  this  method  of  analysis  the  labor 
involved  is  very  much  reduced.  When  the  moment  of  resistance 
is  constant,  the  pressure  at  any  point  D  becomes  proportional  to 
cosec  a,  and,  if  we  draw  EG  perpendicular  to  the  line  of  cen- 
ters, and  project  DE  upon  it  by  normals  to  DE,  we  shall  have  EG 
proportional  to  the  product  of  sliding  and  pressure.  Now,  by  the 
assumed  conditions,  the  arc  of  action  measured  by  the  curve  CD, 
Fig.  68,  must  be  equal  to  the  arc  of  action  measured  by  the  straight 
line  CG,  Fig.  69,  and  therefore  it  appears  that  the  loss  in  friction 
at  the  point  D  for  c^vcloidal  teeth  is  to  the  corresponding  loss  for 
involutes  as  CG,  Fig.  68,  is  to  the  arc  CD.  Hence,  it  is  evident 
that  for  any  point  D  at  a  finite  distance  from  C,  the  loss  in  fric- 
tion for  cycloidal  teeth  must  be  greater  than  the  corresponding 
loss  for  involutes. 

It  further  appears  in  Fig.  69  that  CG,  the  arc  of  action,  is  al- 
ways proportional  to  the  product  of  sliding  and  pressure  for  any 
degree  of  obliquity ;  from  which  it  follows  that  the  loss  in  friction 
is  independent  of  the  obliquity,  as  implied  in  equation  (22),  and  as 
found  by  Mr.  Grant  in  the  article  mentioned. 

Referring  again  to  Fig.  68,  we  have 

arc  CD  =  cp'r,        and  CG  =  2r  tan  ^-' 


i  ?  CG 

whence, 


arc  CD 


or  we  may  put  -JZg_ 


tan 

2 

<P 

? 

2 

cot 

a' 
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In  order  to  represent  graphically  the  actual  loss  in  friction  for 
cycloidal  and  involute  teeth  respectively,  let  us  take  dee,  Fig.  70, 
to  represent  the  arc  of  contact,  c  being  the  pitch  point.  Then,  at 
the  point  d,  erect  the  perpendiculars  da  and  db  equal  to  FG  in 
Figs.  68  and  69  respectively,  and  similarly  find  the  points  g  and  f 
on  the  opposite  side  of  the  line  of  centers.  Draw  the  straight 
line  beg,  then  will  the  area*  cdb  +  ceg  represent  the  loss  in 
friction  for  involute  teeth.  Draw  also  the  curved  line  acf  tangent 
to  beg  at  the  point  c,  then  will  the  area  cad  +  cef  represent  the 


LOSS  IN    FRICTION, FOR 
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loss  in  friction  for  cycloidal  teeth,  and  the  difference  will  be  repre- 
sented by  the  area  abc  +  cgf. 

If  we    denote  abscissas   from    the  point  c  in  terms  of  <p',  the 
equation  for  the  curved  line  acf  becomes  simply 


y  =  a  tan  -jp 


(*) 


in  which  a  is  a  constant  depending  on  the  scale  used. 

It  will  be  observed,  in  the  analysis  which  I  have  briefly  indi- 
cated, that  the  necessity  for  finding  the  face  lengths  in  action  has 
been  overcome,  and  that  the  problem  has  thus  been  shorn  of  a 
needless  and  difficult  feature. 

'  It  must  not  be  supposed,  from  Fig.  70,  that  the  efficiency  of  in- 
volute gearing  is  always  better  than  that  of  cycloidal,  and  the  qual- 
ification,/e>r  the  same  arc  of  action,  must  not  be  overlooked. 

The  unfavorable  comparison  for  involute  teeth  as  against  cy- 
cloidal is  due,  as  stated  in  the  paper,  to  differences  in  the  length 
of  the  arc  of  action,  and  not  to  any  peculiar  merit  in  the  cycloidal 
form  of  tooth. 

In  regard  to  the  wear  of  teeth,  I  think  there  is  a  grave  error  in 
the  assertion  on  the  next  to  the  last  page,  that  in  all  kinds  of 
gearing,  without  exception,  the  wear  is  theoretically  reduced  to 
zero  at  the  pitch  point ;  and  I  propose   to  show  that  the  form  of 
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tooth  has  a  great  deal  to  do  with  the  distribution  of  wear  at  the 
pitch  point,  as  well  as  along  the  faces  and  flanks  of  the  teeth. 

In  Fig.  68,  let  0  be  the  center  of  the  describing  circle ;  draw  OD 
the  radius,  and  DII  perpendicular  to  OD.  Then,  in  the  triangle 
DHK,  we  have  IK  proportional  to  the  sliding,  HK  proportional 
to  the  surface  upon  which  sliding  takes  place  on  the  wheel  B,  and 
HI  proportional  to  the  surface  upon  which  it  takes  place  on  the 
wheel  A.  If  now  we  assume  that  the  intensity  of  wear  on  any 
surface  is  proportional  to  the  loss  in  friction  divided  by  the  surface 
sustaining  such  loss,  we  can  readily  construct  a  diagram  upon  the 
arc  of  contact  for  a  base  line,  to  represent  the  intensity  of  wear. 


Fig.  7L 
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INTENSITY    OF    WEAR  ON  CYCLOIDAL   TEETH,    FIG. A. 


Fig.  71  represents  the  intensity  of  wear  on  the  teeth  shown  in  Fig. 
68.  That  portion  above  the  base  line  dee  refers  to  the  wheel  B, 
and  the  portion  below  to  the  wheel  A.  When  the  pressure  Q  is 
assumed  to  be  constant,  the  wear  will  be  uniform  over  the  face  and 
over  the  flank  of  each  tooth,  as  shown  by  the  parallel  dotted  lines 
a9i  f°i  br>  and  qp  ;  but  when  the  moment  of  resistance  is  as- 
sumed to  be  constant,  the  wear  will  increase  slightly  from  the  pitch 
point,  as  shown  by  the  curved  lines  tangent  thereto.  To  prove 
that  the  wear  is  uniform  when  the  pressure  Q  is  constant,  prolong 
DE  and  draw  BI  parallel   to  OD,  then  the  triangle  BBL  will 

be  similar  to  the  triangle  DHK,  and  jy^  w^l  represent  the  wear 

on  the  face  of  wheel  B. 

AB 

Now,  by  similar  triangles,  we  have  DE  —  -jjy  x   CD,  and  DL 

BO        nTi      .  DE      AB  x   00     ,.  .    . 

=  7779-  X   OD ;  whence  -^^y  =  -— ~ ^-r.,  which  is  constant. 

Ob  DL      AG  x  BO 

Similarly,  the  wear  on  the  flank  of  wheel  A,  represented  by-^y 

can  also  be  shown  to  be  constant. 

For  involute  teeth  the  result  is  very  different,  for  there  the  lines 
BL  and  CL  are  constant,'  and  the  intensity  of  wear  may  vary  from 
infinity  to  zero. 

To  compare  the  wear  on  both  forms  of  teetli  by  diagrams  drawn 
to  the  same  scale,  we  must  assume  some  ordinate  to  represent  the 
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wear  resulting  from  a  unit  of  pressure  in  sliding  a  unit's  distance 
over  a  unit  of  surface. 

In  Fig.  68,  this  ordinate  should  be  laid  oil  from  the  line  BL  to 
locate  the  parallel  line  PQB,  and  in  Fig.  69  its  oblique  projec- 
tion, equal  to  its  original  length  times  cosec  «,  should  be  laid  off 
from  BL  for  a  similar  purpose.  At  the  points  Q  and  R,  where 
this  line  intersects  BE  and  BD>  draw  the  lines  $7"  and  BS  par- 

/ 
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allel  to  the  line  of  connection  CD  ;  then  will  these  distances  repre- 
sent the  intensity  of  wear  at  the  point  D  on  the  wheels  A  and  B 
respectively. 

Following  out  this  construction,  we  obtain  Fig.  72,  representing 
the  intensity  of  wear  upon  involute  teeth  comparable  with  Fig.  71 
for  cycloidal.  * 

*  The  relative  distribution  of  wear  on  cycloidal  and  involute  teeth  was  pointed 

out  by  Mr.  Bilgram  in  a  lecture  delivered  at 
the  Franklin  Institute  in  November,  1881, 
and  published  in  its  Journal  for  January, 
1882.  The  diagrams  which  he  used  at 
that  time  to  illustrate  his  remarks  are 
now  of  especial  interest  in  connection  with 
Figs.  13  and  14  of  the  paper  under  discus- 
cycloidalteeth.  in volote teeth,     sion,  and  they  are  here  subjoined  (Figs.  79 

and  80),  to  indicate  the  wearing  tendency  on  a  single  pair  of  engaging  teeth. 
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"We  have  not  yet,  however,  arrived  at  the  solution  of  the  problem 
presented,  upon  the  basis  of  actual  working  condition,  and,  in  the 
present  discussion,  I  can  do  but  little  more  than  indicate  the  direc- 
tion in  which  the  analysis  may  be  pursued.  It  has  been  pointed  out 
in  a  foot-note  on  the  fifth  page  of  the  paper  that  in  actual  practice 
each  pair  of  tooth-profiles  is  brought  into  engagement  while  the 


dn—mc-~  pitch 


preceding  pair  is  still  in  action,  and  the  conclusion  is  drawn,  rather 
hastily  I  think,  that  the  rule  laid  down  for  finding  the  loss  of  work 
on  the  assumption  that  only  one  pair  engage  at  a  time,  holds  good 
in  practice  as  well  as  in  theory. 

That  this  is  an  error  of  no  small  importance  will  appear  by  refer- 
ence to  Figs.  73  and  74,  in  which  the  arc  of  action  dee  has  been 
taken  equal  to  1^  pitch,  and  divided  equally  at  c  for  convenience. 


LOSS  IN  FRICTION, FOR 
INVOLUTE  TEETH  WH.EN 

dn=me=  pitch. 

WORK    EQUALLY    DIVIDED    ON    TWO     PAIR 


Now,  if  dn  =  me  =  pitch,  and  the  load  is  divided  equally  between 
two  pairs  of  engaging  teeth,  we  shall  have  for  the  loss  in  friction 
for  each  pair  of  teeth,  the  areas  droqed  +  cetpsc  =  V,  instead  of 
the  larger  areas  dac  +  cef  or  deb  +  ceg  =  V.  If  the  arc  of  con- 
tact be  reduced  to  uw  =  pitch,  so  that  there  shall  never  be  more 
than  one  pair  of  teeth  in  action,  the  loss  in  friction  for  each  pair  of 
teeth  will  be  represented  by  the  area  wve  +  cwx  =  V". 

From  similar  triangles,  Fig.  74,  it  will  readily  appear  that  the 
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difference  between  these  areas  Y  —  Y",  is  not  measured  b}7  the 
difference  in  the  arcs  of  contact,  do  —  uw  =  ^,  but  the  square  of 
that  difference,  or  -^;  and  the  same  is  approximately  true  for 
eycloidal  teeth,  Fig.  73.  In  other  words,  we  have  area  7"=  ^  Y", 
instead  of  \  Y". 

From  this  consideration,  it  is  evident  that  the  general  equation 
at  the  top  of  the  seventeenth  page, 

^=>w(i*ir)l' (c) 

does  not  express  the  true  relation  for  the  arc  of  contact  to  the  loss 
in  friction,  and  when  the  value  of  e  lies  between  1  and  2,  as  is 
usual  for  external  gearing,  this  equation  should  be  written, 

,     ( 1       1  \  1  +  (e  -  If  ,- 

For  interchangeable  eycloidal  teeth,  the  value  of  e  is  quite 
limited,  being  seldom  more  than  1.5  or  less  than  1.25,  and  conse- 
quently equation  (d)  may  be  expressed  for  such  teeth  within  10  per 
cent,  of  the  true  value,  more  or  less,  by 

*-L8/(f3=i)- <*> 

and  this  approximate  formula  is  really  more  nearly  correct,  within 
the  specified  limits,  than  equation  (c),  which  involves  the  additional 
labor  of  finding  £. 

For  involute  teeth,  the  arc  of  action  is  so  much  more  variable,  that 
to  obtain  a  close  approximation  of  this  kind  would  at  present  seem 
out  of  the  question,  but  from  other  considerations  which  have  not 
yet  appeared,  it  is  thought  that  the  equation  (e)  may  also  be  used 
to  express  the  loss  in  friction  for  involute  teeth  as  well. 

The  fallacy  in  the  reasoning  by  which  it  has  been  inferred  that 
the  "assumed  case  holds  good  in  practice,"  is  very  natural  and  easy. 
Suppose,  for  example,  Fig.  73,  there  is  a  tooth,  Tu  in  action  at  n, 
when  a  new  tooth,  T2,  enters  the  path  of  contact  at  d,  then  as 
T2  passes  from  d  to  e,  it  will  lose  in  friction  the  work  represented 
by  the  area  called  A,  the  tooth,  Tx,  will  lose  the  area  ptsf,  and  a 
new  tooth,  T3,  coming  into  gear  will  lose  the  area  raqo,  all  of 
which,    added   together,  completes   the   area   dac  +  cef  for   the 
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assumed  case  of  one  pair  of  teeth  in  gear  at  a  time,  and,  if  we  stop 
here,  there  will  be  no  reason  to  doubt  that  the  inference  referred  to 
is  correct.  But,  if  we  continue  to  move  the  wheels  through  succes- 
sive arcs  of  action,  the  result  will  be  quite  different.  Commencing 
with  the  tooth  T3  at  the  point  m,  the  next  area  becomes  A  +  rriqc 
and,  continuing,  the  next  becomes  A  +  ens,  when  the  teeth  again 
stand  in  the  positions  originally  assumed  relative  to  the  arc  of  con- 
tact. The  error  appears  to  have  arisen  from  assuming  an  incom- 
plete cycle  of  movements  to  represent  the  whole. 

I  do  not  propose  at  this  time  to  enter  fully  into  all  the  details  of 
this  interesting  subject,  nor  to  give  a  report  of  raj  investigations 
for  the  company  with  which  I  am  connected  to  determine  the 
most  advantageous  system  of  gearing  for  their  adoption.  This,  I 
think,  will  more  properly  form  the  subject  of  a  paper  for  a  future 
meeting  of  the  society ;  but  there  are  still  more  points  in  regard  to 
the  question  of  wear  to  which  I  would  call  your  attention. 

Referring  to  Figs.  71  and  72,  it  would  at  first  appear  as  though 
the  cycloidal  form  was  immensely  superior  to  the  involute  in  point 
of  durability  or  deformation  from  wear,  but  upon  further  con- 
sideration it  becomes  evident  that  these  lines  of  intensity  must 
suffer  considerable  modification  under  the  action  of  two  teeth  in 
gear.  For  involute  teeth,  the  pressure  toward  the  beginning  and 
end  of  the  arc  of  action  would  naturally  be  reduced  by  the  exces- 
sive wear,  and  this  in  turn  would  naturally  reduce  the  loss  in 
friction  represented  by  Fig.  74.  The  precise  manner  in  which 
this  change  of  pressure  should  take  place  remained  with  me  an 
unsolved  problem  until  a  few  weeks  ago.  After  going  over  my 
work  with  Mr.  Hugo  Bilgram,  of  Philadelphia,  he  subsequently  sent 
me  a  very  happy  and  ingenious  solution,  which,  with  his  per- 
mission, I  take  pleasure  in  presenting  to  the  society  in  his  words  :* 


*  Assume  in  a  pair  of  gears  the  addenda  made  so  great  that  the  path  of  con- 
tact on  each  side  of  thfe  gearing  center  is  equal  to  one  pitch.  Let  AOB,  in  Fig.  82, 
represent  the  path  of  contact,  and  assume  one  pair  of  teeth,  preferably  involutes, 
to  be  passing  from  A  to  B  at  uniform  velocity.  The  velocity  of  friction  being 
represented  by  the  distance  of  the  line  CD.  from  AB,  the  surfaces  OACO  and 
OBDO  will  represent  the  loss  from  friction  (the  various  coefficients  being  taken 
into  account  in  selecting  the  scale).  But,  according  to  the  assumption,  the  work  of 
transmission  will  not  devolve  on  one  pair  of  teeth,  as  two  pairs  will  constantly 
be  in  contact.  At  first  the  pressure  might  distribute  itself  uniformly  upon  both 
pairs  of  teeth,  and  the  loss  of  work  due  to  each  pair  would  then  be  represented 
by  the  areas  OAEO  and  OBFO.  But  the  wear  will  be  least  near  the  pitch  line 
and  greatest  near  the  base  or  point.  This  cau,  however,  last  only  for  a  short 
time,  for  two  pairs  of  teeth  being  in  gear  constantly,  a  state  of  persistency  of 
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Following  out  to  its  logical  conclusions  the  line  of  thought  sug- 
gested by  Mr.  Bilgram,  we  have  Fig.  75  presenting  the  load  trans- 

Fig.  75. 


LOAD  TRANSMITTED  BY  CY  CLOI  DAL  TE  ETH. 


mitted  by  cycloidal  teeth  throughout  the  arc  of  action,  Fig.  76,  the 
same  for  involutes,  Fig.  77,  the  loss  in  friction  for  cycloidal  teeth, 
and  Fig.  78,  the  same  for  involutes.      In  Fig.  77,  the  distribution 


Fig.  76. 


LOAD  TRANSMITTED  BY  INVOLUTE  TEETH. 


of  the  loss  in  friction  is  slightly  different  from  what  is  shown  in 
Fig.  73,  but  the  amount  of  loss  is  almost  exactly  the  same.     In 

wear  must  soon  be  reached,  in  which  the  wear  on  simultaneous  points  of  contact 
of  both  pairs  of  teeth  is  equal.  But  the  wear  can  only  be  equal  if  the  pressure 
is  inversely  as  the  velocity  of  friction  (this  is  an  assumption  which  may  be  more 
or  less  true).     Therefore,  the  total  pressure  will  be  no  more  distributed  equally 


upon  both  teeth,  but  inversely  as  the  velocity  of  friction.  The  diagram 
MLNKM,  Fig.  81,  therefore  represents  the  variable  pressure  on  each  tooth-pair 
as  their  point  of  contact  travels  from  A  to  B.  For  convenience,  the  triangle 
KLJS'K may  be  transported  to  MPLM. 

If  a  pair  of  teeth  is  at  p,  the  pressure  will  be  equal  to  mo,  while  that  on  the 
other  simultaneous  contact  is  equal  to  on,  the  sum  of  both  being  equal  to  the 
total  pressure,  MP  =  KL. 

In  order  to  find  the  dynamic  loss,  the  force  mo  must  be  multiplied  by  the 


FRICTION   IN   TOOTHED   GEARING. 


77 


Fig.  78,  the  distribution,  is  very  different,  and  the  loss  in  friction 
is  slightly  less. 


These  diagrams  go  to  show  that  an  extended  arc  of  contact  entails 
less  friction  for  involute  teeth  than  it  does  for  cycloidal,  and  that, 


practically,  formula  (e)  must   come  very  near   the   truth   for   all 
cases. 

From  Figs.  75  and  76,  it  appears  that  the  load  on  involute  teeth 


velocity  pq.  Since  A  C  represents  both  the  velocity  of  friction  and  the  dynamic 
loss,  the  scale  of  the  diagram  is  evidently  such  that  the  pressure  on  the  teeth 
multiplied  by  the  coefficient  of  friction  can  be  considered  as  the  unit.  The  mul- 
tiplication of  mo  and  pq  can  therefore  be  accomplished  by  making  Kq  =  pq,  and 
drawing  the  line  q'M,  intersecting  mo  iu  r ,  when  pr  =  mr  .     When  the  state  of 


Fig.  81. 


persistency  is  once  reached,  the  loss  from  friction  is  therefore  no  more  represented 
by  the  surfaces  OAEO  and  OBFO,  but  by  the  parabolic  segments  OXAO  and 
OYBO. 

Now,  if  the  addenda  are  not  so  great  as  thus  far  assumed,  if  the  path  of  con- 
tact extends  only  from  a  to  b,  it  is  plain  that  between  b'  and  a'  only  one  tooth  is 
in  action. 

While  passing  from  a  to  b'  it  will  be  assisted  by  the  preceding  tooth  passing 
from  «'  to  b,  and  only  in  this  period  will  the  curves  X  and  Fshow  the  loss  from 
friction.  The  total  loss  is,  therefore,  shown  by  the  surfaces  OV'Xdb'O  and 
Oa    YbaO. 
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will  eventually  be  applied  and  removed  more  gradually  than  it 
will  on  cycloidal,  and  that  as  a  consequence  the  action  should  be- 
come smoother. 

When  the  condition  of  "persistency"  is  established,  the  inten- 
sity of  wear  will  be  represented  by  the  dotted  lines  st,  uv,  wx  and 
gsj  Fig.  71,  and  by  op,  qr,  st  and  uv,  Fig.  72,  the  middle  portion 
in  each  remaining  unaltered. 

That  there  will  actually  be  some  wear  at  the  pitch  point  c,  as 
suggested  on  the  next  to  the  last  page  of  the  paper,  there  can  be 
no  doubt,  but,  in  addition  to  the  reasons  mentioned,  it  should  also 
be  noted  that  wear  must  occur  there,  even  with  involute  teeth,  on 
account  of  the  fact  that  every  point  in  the  tooth  surface  must  re- 
main in  contact  through  a  perceptible  arc  of  action,  owing  to  its 
compressibilit}' — in  other  words,  because  the  path  of  contact  must 
have  some  thickness,  as  well  as  length  and  width.  This  considera- 
tion will  affect  the  intensity  of  wear  to  some  extent,  bur,  it  is 
thought,  not  seriously.  The  main  point  which  remains  unsettled, 
and  the  one  which  is  always  of  the  first  practical  importance  to  de- 
termine, is  the  coefficient  of  friction.  Is  it  sufficiently  constant 
throughout  the  arc  of  action  to  be  taken  as  such,  and  if  not,  must 
the  "  Friction  of  Toothed  Gearing "  be  considered  a  hopeless 
problem  ? 

I  am  strongly  convinced  from  the  "Sellers  Experiments  on 
Gearing,''  which  I  have  had  the  honor  of  reporting  to  this  society, 
that  the  coefficient  of  friction  must  undergo  very  decided  changes 
throughout  the  arc  of  action,  so  much  so,  indeed,  as  to  impair,  to  a 
greater  or  less  extent,  the  practical  value  of  any  formula  yet  de- 
vised for  determining  the  loss  in  friction ;  and  it  is  only  for  very 
slow  motions,  such  as  that  of  feed  gearing,  that  I  should  think  of 
applying  formula  (e)  with  any  degree  of  assurance. 

I  am  well  aware  of  certain  crudities  in  this  hurried  discussion, 
and  fine  points  neglected  that  might  have  been  considered,  but  the 
ground  to  be  covered  seems  to  expand  as  we  proceed  ;  and,  to  con- 
clude, I  think  it  will  be  admitted  that  the  subject  before  us  still 
offers  a  promising  field  for  experimental  research  and  analytical 
investigation. 

Mr.  Hugo  Bilgram. — On  the  ninth  page  of  his  paper,  Professor 
Reuleaux,  by  his  analytical  deduction,  comes  to  the  conclusion 
that,  as  regards  the  loss  of  power  from  friction,  the  most  favorable 
case  will  be  that  in  which  the  contact  is  equally  divided  on  either 
side  of  the  line  of  centers. 
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This  appears  to  be  in  direct  conflict  with  the  assertion  of  Pro- 
fessor "Willis,  that  the  loss  from  friction  during  the  approach,  ex- 
ceeds that  which  occurs  during  the  receding  contact,  for  which 
reason  the  addendum  of  the  driven  gear  should  exceed  that  of  the 
driver,  when  a  minimum  of  loss  from  friction  at  a  given  length  of 
the  arc  of  contact  is  desired. 

This  discrepancy  can  be  traced  to  the  difference  in  the  premises 
of  the  two  investigators.  While  Professor  Willis  compares  the 
effective  momentum  given  by  the  driver  with  that  received  by  the 
driven  gear,  in  the  various  stages  of  action,  Professor  Peuleaux 
computes  the  loss  from  friction  for  a  uniform  normal  pressure 
between  the  faces  of  the  teeth. 

The  actual  pressure  transmitted  by  the  teeth,  which  is  inclined 
to  the  common  normal  of  the  curves  in  contact  by  the  angle  of 
friction,  may  be  resolved  into  two  forces— the  normal  pressure, 
which  in  the  paper  under  discussion  has  been  considered  a  con- 
stant, and  the  tangential  force  of  friction.  On  examination,  it  will 
be  found  that  the  force  of  friction  has  a  much  greater  reacting 
leverage  during  the  approaching  than  during  the  receding  action. 
In  order  to  overcome  a  uniform  resistance  in  the  driven  gear,  it  is, 
therefore,  necessary  that  the  normal  force  between  the  teeth  should 
be  greater  during  the  approach  than  during  the  receding  action ; 
and  if  this  is  an  essential  prerequisite  in  practice,  the  loss  from 
friction  during  the  approach,  must  exceed  that  of  the  other  half  of 
the  action.  The  assumption  of  a  uniform  normal  component  is, 
therefore,  not  compatible  with  what  actually  occurs  in  practice. 

The  factor  of  friction  is,  however,  as  a  rule,  no  sufficient  reason 
for  abandoning  the  practice  of  making  the  addenda  of  gears  equal, 
except  when  special  reasons  intervene.  When  toothed  gears  are 
used  intermittently  or  interchangeably  as  drivers  and  driven  gears, 
the  conclusion  of  Professor  Peuleaux  is  unquestionable. 

In  the  paper  on  a  new  Odontograph,  mentioned  by  Mr.  Wilfred 
Lewis  in  his  discussion,  I  showed  a  simple  graphical  method  by 
which  the  most  advantageous  relation  between  the' addenda  of  the 
driving  and  driven  gears  may  be  found,  the  angle  of  friction  being 
assumed  as  known. 

There  is,  however,  another  statement  in  the  paper  just  read 
which,  I  think,  would  be  an  injustice  to  myself,  were  I  not  per- 
mitted to  correct  the  same.  I  refer  to  the  mention  of  my  bevel 
gear  cutter  in  relation  to  the  faulty  action  of  the  involute  system 
of  gearing,  when   the  pinion  has  a  low  number  of  teeth.     With 
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the  machine  in  question,  pinions  with  as  few  as  12  teeth  can  be 
cut  with  entire  freedom  from  this  fault.  When  both  gears  are 
equal,  the  number  can  be  reduced  to  15  without  an}'  interference 
whatever,  since  15  teeth  mitre  gears  correspond  in  form  and  action 
with  21  teeth  spur  gears.  With  15  teeth  mitre  gears  there  is, 
therefore,  even  theoretically,  no  fault.  By  experience,  I  have 
found  that  with  a  reduction  of  the  number  of  teeth  of  mitre  gears 
to  12,  the  fault  which  now  exists  in  theory  is  bo  small  that  it  es- 
capes detection.  The  case  is,  however,  different  when  a  pinion 
gears  with  a  larger  wheel.  But  in  this  case,  the  fact  that  bevel 
gears  are  never  used  interchangeably,  but  are  invariably  made  in 
pairs  or  triplets,  permits  the  application  of  an  expedient  which 
obviates  the  difficulty.  It  consists  in  reducing  the  addendum  of 
the  wheel,  and  increasing  that  of  the  pinion  correspondingly. 

The  difficulty  only  exists  when  blanks  are  sent  for  cutting  which 
are  turned  by  machinists  who  omit  to  take  this  precaution. 

Mr.  C.  A.  Smith. — In  making  a  few  remarks  concerning  this 
paper,  1  wish,  in  the  first  place  to  call  attention  to  a  few  points  of 
criticism  directed  to  the  Practical  Treatise  on  Gearing,  published 
by  the  Brown  &  Sharpe  Mfg.  Co.  of  Providence,  R.  I. 

In  the  foot-note  on  the  nineteenth  page  of  his  paper,  Professor 
Reuleaux  mentions  the  difference  between  the  obliquity  (or  its 
complement)  adopted  by  the  Brown  &  Sharpe  Mfg.  Co.  and  that 
used  by  himself  (75°),  which  he  also  says  is  the  one  used  by  Pro- 
fessor Willis.  This  must  be  a  mistake,  since  by  referring  to  Pro- 
fessor Willis'  Principles  of  Mechanism,  page  134,  we  find  that  he 
uses  75°  for  double  curve  teeth,  but  on  the  page  just  preceding 
this  (133)  he  recommends  75£°  for  involute  or  single  curve  teeth, 
and  gives  his  reasons  for  doing  so.  It  is  true  that  an  angle  of  75° 
is  conveniently  laid  out  on  the  drawing  board  by  means  of  the  or- 
dinary triangles ;  but  the  fact  is  that  the  men  in  the  workshop  do 
not  use  triangles  to  lay  out  work ;  some  of  the  most  common  tools 
being  the  scribe  awl,  straight  edge  and  dividers.  When  the  angle 
is  assumed  whose  cosine  is  \  (75^°  very  nearly)  the  radius  of  the 
tooth  curve  may  be  obtained  by  simply  bisecting,  with  a  pair  of 
dividers,  the  radius  of  the  circle  described  on  the  pitch  radius  as  a 
diameter,  and  as  the  formation  of  gear  teeth  must  always  be  a  work 
of  the  shop,  rather  than  of  the  drawing  table,  the  convenience  of 
these  proportions  is  at  once  appreciated  by  the  "  practical  man." 

It  is  sometimes  said  that  the  work  of  laying  out  gear  teeth, 
templates,  etc.,  should  not  be  done  by  the  machinist,  but  ought  to 
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be  executed  by  the  draughtsman.  This  is  a  wrong  idea,  because 
the  machinist  has  more  practice  in  doing  accurate  work  (those,  at 
least,  who  are  employed  on  such  a  class  of  work),  and  he  should 
therefore  be  the  one  to  do  it,  under  proper  instructions,  of  course. 
As  far  as  the  drawings  are  concerned,  it  is  not  good  economy  to 
attempt  to  draw  gear  teeth  accurately.  In  most  cases  they  need 
not  be  drawn  at  all,  but  when  they  are  drawn,  an  outline  formed 
by  the  eye  will  answer  the  purpose  of  a  working  drawing  as  well 
as  though  they  were  drawn  theoretically  correct.  On  the  other 
hand,  the  draughtsman  does  often  understand  as  little  of  the  correct 
principles  of  gearing  as  the  machinist. 

Referring  to  the  foot-note  on  the  last  page  but  two,  Professor 
Reuleaux  again  refers  to  the  Practical  Treatise  on  Gearing,  by 
Brown  *k  Sharpe  Mfg.  Co.,  and  says  that  the  cause  of  the  inter- 
ference of  teeth  on  small  gears  "  is  ascribed  to  wide  departure  of 
circular  arcs."  etc.,  quoting  almost  the  exact  words  given  at  the  top 
of  the  twenty-second  page,  which  reads  thus : 

'"  This  rounding  occurs  because  in  these  gears  arcs  of  circles  de- 
part too  far  from  the  true  involute  curve,  being  so  much  that 
points  of  teeth  get  no  bearing  on  flanks  of  teeth  in  other  wheels.'' 
This  refers  to  the  circular  arcs  forming  the  tooth  faces  of  the 
pinion. 

The  criticism  here  is  evidently  an  oversight,  since  no  attempt 
whatever  lias  been  made  to  explain  the  cause  of  interference. 
Fig.  10,  to  which  Professor  Reuleaux  refers,  simply  calls  attention 
to  the  fact  of  interference.  The  statement  above  quoted  from 
refers  to  the  tooth  faces  of  the  pinion,  Fig.  10,  and  has  no  refer- 
ence whatever  to  interference.  The  interference  takes  place  at 
the  flanks  of  the  pinion  teeth  and  faces  of  the  gear  teeth.  To 
avoid  this,  the  spaces  between  teeth  on  the  pinion,  below  the  base 
circle,  are  made  as  wide  as  is  practically  possible,  as  explained  on 
the  twentieth  page.  The  remainder  of  the  correction  is  made  by 
rounding  the  faces  of  the  gear  teeth.  An  interchangeable  set  of 
involute  gears  cannot  be  made  as  low  as  12  teeth  without  slightly 
altering  the  involute  and  making  a  combination  tooth  curve,  unless 
the  obliquity  be  increased,  which  again  is  objectionable  on  account 
of  the  increased  friction  which  would  necessarily  accompany  such 
a  change. 

I  might  even  go  further  than  stating  that  the  above  criticism  is 
ill-founded,  by  saying  that  the  explanation  of  interference,  given 
by  Professor  Reuleaux,  is  not  strictly  correct,  or  that  it  is  at  least 
6 


82 


FRICTION   EST   TOOTHED   GEARING. 


very  indirectly  explained  and  difficult  to  understand  by  any  one 
but  an  expert.  To  state  the  case  briefly,  let  C  and  D,  Fig.  66,  be  the 
base  circles  of  a  pair  of  involute  gears;  i?and  i^the  pitch  circles ; 
GH  the  line  of  contact  (not  "the  curve  of  contact").    AG  and 

HB  are  perpendicular  to  the 
line  of  contact  HG,  and  hence 
the  latter  is  tangent  to  the 
base  circles  at  G  and  H.  The 
greatest  possible  line  of  con- 
tact obtainable  with  the  in- 
volute tooth  is  the  line  GH, 
the  contact  commencing  at 
G  (when  the  wheels  rotate  as 
indicated  by  the"  arrows)  and 
at  the  root  of  the  involute 
K,  and  ending  at  5"  and  at 
the  root  of  the  involute  J. 
The  points  G  and  H,  there- 
fore limit  the  addenda,  which 
cannot  be  greater  than  MH 
and  GL  respectively.  If  the 
addenda  are  made  greater 
than  this  limit,  then  the  teeth 
must  be  "  corrected "  to  prevent  them  from  interfering,  or  from 
being  "  undercut." 

Involute  teeth  will  not  even  work :'" geometrically  correctly"  (as 
stated  by  the  author  of  the  paper  under  discussion)  after  the  point 
of  contact  has  passed  the  point  H.  While  the  point  of  contact  I 
is  between  iZ"and  G,  the  involutes  J  and  K  are  in  external  contact, 
so  to  speak,  the  wheel  A  driving  the  wheel  B.  After  contact  has 
passed  H,  as  shown  at  JV,  the  involutes  are  in  internal  contact,  and 
the  wheel  A  can  no  longer  be  the  driver,  so  that  to  drive  "  geo- 
metrically correctly,"  the  wheel  B  would  have  to  become  the 
driver,  otherwise  curve  Kt  would  simply  move  away  from  the 
.  curve  -72,  the  opposite  branch  of  the  involute  J  or  Jx,  with  which 
it  is  now  supposed  to  be  in  contact.  It  is  easily  seen  that  the 
second  branch  </,  of  the  wheel  B  will  always  be  in  internal  contact 
with  the  first  branch  JTt  of  the  wheel  A,  since  the  radius  of  cur- 
vature, NH,  of  the  former  curve  is  always  less  than  the  radius  of 
curvature,  NG,  of  the  latter. 

After  explaining  somewhat  in  detail  the  cause  of  interference, 
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and  drawing  his  conclusions,  the  author  says,  on  his  nineteenth 
page :  "  Practice  sustains  this  deduction.  ...  A  jog  is  soon 
worn  into  the  teeth  of  the  pinion  just  inside  of  the  pitch  circle, 
and  this  wear  is  solely  due  to  erroneous  design  of  the  profiles, 
even  though  they  be  cut  with  ever  so  much  accuracy."  On  the 
last  two  pages  he  shows  correctly  that  the  wear  on  all  gear  teeth  is 
greatest  inside  of  the  pitch  line — that  the  natural  tendency  is  to 
wear  a  jog  in  the  teeth  below  the  pitch  line.  This  being  true,  the 
fact  that  the  teeth  of  a  gear  have  "  jogs "  worn  into  them  is  no 
evidence  of  interference  or  bad  design,  as  above  stated.  If  there 
is  any  interference,  it  will  be  discovered  before  the  teeth  have  an 
opportunity  to  become  worn,  since  they  will  not  work  until  the 
interference  is  removed. 

In  regard  to  Professor  Reuleaux's  paper,  as  a  whole,  I  should 
like  to  raise  the  question  as  to  whether  it  is  correct,  in  calculating 
the  friction  of  gear  wheels,  to  take  into 
account  only  the  friction  at  the  teeth  ? 
In  my  opinion  the  friction  at  the  jour- 
nals should  also,  be  taken  into  account, 
since  this,  as  well  as  the  friction  at  the 
teeth,  depends  upon  the  obliquity  of 
action,  and  the  obliquity  in  turn  de- 
pends upon  the  form  of  teeth  ;  hence, 
to  compare  the  friction  of  gearing  hav- 
ing different  forms  of  teeth,  all  the  fric- 
tion for  which  the  teeth  are  responsible, 
either  directly  or  indirectly,  should  be 
taken  into  account. 

To  illustrate  more  clearly  what  I 
mean,  let  us  refer  to  the  diagram  Fig. 
67.  I  have  here  represented  a  pair  of 
teeth  whose  axes  or  shafts  are  at  A 
and  B.  ON  is  the  normal  to  the  teeth 
at  the  point  of  contact,  /.  Let  us 
suppose  the  gear  A  to  be  used  to  drive  the  gear  B  for  the  pur- 
pose of  raising  a  weight,  W.  Now,  it  is  impossible  to  apply  a 
force  to  the  gear  B  directly  at  /.  The  driving  force  must  be  ap- 
plied at  some  point  of  the  shaft  A.  We  may  suppose  it  to  be  a 
pulley  driven  by  a  belt,  the  working  force  being  represented  by 
<  LP.  The  diagram  is  so  plain  that  I  trust  it  needs  no  further 
explanation  in  detail.     The  only  route  for  the  power  from  the 
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point  C,  where  it  is  applied,  to  the  point  J,  where  the  useful  work 
is  performed,  is  by  way  of  the  shaft  A,  the  teeth  at  I  and  the 
shaft  B,  and  in  its  transit,  work  is  absorbed  by  friction  at  these 
three  points — A,  I,  and  B.  It  is  evident  that  the  result  would 
be  the  same  in  principle,  whether  we  consider  the  forces  P 
and  W  to  be  applied  in  the  plane  of  the  gears  or  in  different 
planes.  First,  then,  the  friction  at  A  is  proportional  to  the  press- 
ure AH,  which  is  the  resultant  of  the  normal  pressure  at  the 
teeth  (which  we  may  represent  by  Q),  to  which  AF  is  made  equal 
and  parallel,  and  the  applied  force  CP  =  AG.  But  the  normal 
pressure,  Q  =  AF,  depends  upon  the  obliquity,  which  is  equal  to 
OAT  =  6,  i.e.: 

CP  x  CA        CP  x  CA 


AO  AT  x  cos  0 

This  equation  shows  clearly  that  Q  varies  inversely  as  the  cosine 
of  the  obliquity. 

Second ;  the  friction  at  1,  of  course,  depends  upon  the  pressure 
Q,  and  consequently  upon  6. 

Third  ;  the  friction  at  B  depends  upon  the  pressure  BM,  which 
is  the  resultant  of  the  useful  resistance,  W =  BZ,  and  BK  =  Q  = 
a  function  of  6.  Hence  there  are  at  least  three  points  at  which  the 
work  absorbed  by  friction  depends  directly  upon  the  obliquity,  and 
this,  of  course,  depends  upon  the  form  of  teeth  adopted. 

There  are  other  minor  points  which  have  an  influence  slightly  to 
modify  the  resultants  AH  and  BM,  one  of  these  being  the  fact 
that  the  approaching  friction  is  greater  than  the  receding  friction, 
a  point  just  spoken  of  by  Mr.  Bilgram,  and  referred  to  by  Pro- 
fessor MacCord  in  his  Kinematics.  I  will,  however,  not  dis- 
cuss these  minor  points  at  this  time,  trusting  that  what  I  have  said 
is  sufficient  to  make  clear  my  general  idea  on  the  subject. 

There  is  a  question  incidentally  connected  with  that  of  friction, 
which  was  suggested  to  the  writer  by  a  diagram  *  similar  to  Fig.  67, 
which  may  have  an  important  influence  on  general  theory  of  gear 
teeth.  The  fact  observed  was,  that  owing  to  the  friction  the  force 
transmitted  is  necessarily  variable,  the  immediate  result  of  which 
would  be  to  give  an  unsteady  or  fluctuating  motion,  and  conse- 
quently produce  more  or  less  noise,  however  "  nice"  the  teeth  may 
have  been  formed.     Such  a  conclusion  seems  warranted  by  ex- 

*  American  Machinist  of  May  1,  1886. 
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perience,  as  I  have  never  seen  a  pair  of  gears  which  were  free  from 
noise  at  an  ordinary  speed  of  rotation. 

Mr.  Mian  Stirling. — I  would  like  to  call  attention  to  a  prac- 
tical difficulty  in  the  way  of  spur  gears  for  certain  purposes.  Those 
who  have  occasion  to  ride  in  elevator  cages  operated  by  spur  gears, 
have  noticed,  of  course,  a  peculiar  trembling  that  there  is  to  the 
cage.  As  far  as  my  experience  goes,  this  is  inseparable  from  the 
use  of  spur  gears  for  such  purposes,  and  I  can  readily  see,  in  the 
demonstrations  that  have  been  made  before  us  now,  the  reason 
why  this  is  so.  If  the  friction  at  different  points  varies  as  has 
been  shown,  and  when  receding  from  the  line  of  centers  it  is  not 
so  much  as  it  is  in  approaching  it,  the  different  resistances  due  to 
friction  are  variable  during  the  contact  of  two  teeth  ;  and  as  the 
teeth  enter  and  leave,  there  must  be  an  appreciable  difference  in 
the  velocity,  which  would  cause  this  trembling  action.  So  far  as  I 
know,  it  is  impossible  to  overcome  this  difficulty;  and  in  order  to 
get  a  smooth,  gliding  motion  we  are  compelled  to  use  a  screw  gear 
or  some  other  motive  power.  I  merely  wish  to  make  this  observa- 
tion in  order  to  ask  if  any  of  the  gentlemen  can  say  that  it  is 
possible  to  make  a  smooth,  gliding  motion  when  using  spur  gears. 
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ccxxvnr. 
ON  THE  FRICTION  OF  NON-CONDENSING  ENGINES. 

BT  K.   H.   THUR*TOX,    ITHACA,   H.    T. 

(Member  of  the  Society. 1 

The  assumption  of  the  distinguished  engineer,  De  Pambour, 
that  the  wasteful  resistance  of  a  steam  engine  consists  of  a  constant 
quantity,  the  friction  of  the  unloaded  engine,  increased  by  some 
increasing  function  of  the  added  load,  has  been  accepted  as  cor- 
rect by  probably  all  recognized  authorities  since  his  time.  Call- 
ing i?3  the  resistance  of  the  engiue  running  free  and  under  no 
other  load  than  its  own  friction,  and  calling  Bi  the  resistance 
coming  upon  it  as  a  useful  factor  of  its  work,  and  making  f  the 
co-efficient  measuring  the  proportion  of  increased  friction  due  to 
the  load,  the  total  resistance  to  be  overcome  by  the  engine  piston 
is  thus 

^  =  (1+/)^  +  ^ (1) 

So  far  as  the  writer  has  observed,  it  has  never  been  questioned 
whether  the  quantity  /  is  constant  or  variable,  and  no  recent 
attempts  have  been  made  to  ascertain  its  value  by  experiment. 

It  has  long  been  the  intention  of  the  writer  to  settle  this  ques- 
tion, which  had  for  years  existed  in  his  own  mind,  and  the  op- 
portunity has  recently  been  offered  to  do  so,  at  least  as  that 
question  affects  the  modern  forms  of  non-condensing  high-speed 
engines  now  so  generally  in  use,  especially  for  electric  lighting 
purposes.  The  first  investigation  was  made,  at  the  suggestion  of 
the  writer  and  under  his  general  direction,  in  the  winter  of 
1883-4,  upon  a  "  Straight  Line  Engine,"  exhibited  that  year,,  at 
the  Annual  Exhibition  of  the  American  Institute,  by  the  Straight 
Line  Engine  Co.,  of  Syracuse,  N.  T.,  and  built  by  them  from  the 
designs  of  Professor  John  E.  Sweet,  the  inventor  of  its  special 
features.*     The  results  were  sufficiently  exact  and  satisfactory  in 

*  The  work  was  done  with  equal  care  aud  skill  by  Messrs.  Mitchell  and  Aldricb 
gradua*  es  of  Stevens  Institute  of  Technology,  of  the  class  of  1884. 
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every  respect  to  have  been  made  the  basis  of  the  conclusions  here 
to  be  stated  ;  but  it  seemed  to  the  writer  desirable  that  they  should 
be  checked  by  similar  work  upon  another  engine,  if  possible  of 
a  different  make,  before  attempting  to  state  definite  conclusions 
of  any  kind.  The  opportunity  to  secure  such  a  repetition  of  the 
investigation  was  offered,  during  the  past  winter,  at  Cornell  Uni- 
versity, using  a  Straight  Line  engine,  which  could  be  fitted  with 
a  brake,  and  conveniently  submitted  to  test.  The  engine  is  of  the 
same  make  as  the  first  described,  but  of  a  different  size,  and  the 
results  of  the  two  sets  of  experiments  are  considered  to  accord  so 


thoroughly  as  to  justify  publication.     The  following  are  the  data 
and  results  of  these  two  sets  of  determinations  : 

The  first  of  these  two  engines  was  built  from  designs  brought 
out  in  the  year  1880,  of  which  illustrations  mny  be  seen  in  the 
Electrician  of  December,  1883.  As  is  well  known,  the  engine  de- 
rives its  name  from  the  fact  that,  in  its  design,  the  attempt  has 
been  made  to  take  all  stresses  through  straight  members,  the 
frame  thus  being  made  to  consist  of  two  straight  compression 
and  thrust  members,  connecting  the  cylinder  heads  directly  with 
the  main  pillow  blocks,  and  giving  a  characteristic  appearance  to 
the  whole  machine.  The  valve  gear  is  of  the  "  positive "  type, 
the  expansion  made  variable  by  the  introduction  of  a  governor  on 
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the  main  shaft  actuating  the  eccentric,  in  the  manner  familiar  to 
all  who  have  seen  the  more  common  forms  of  high-speed  engines. 
In  the  design  of  this  governor,  as  throughout  the  whole  engine, 
special  care  has  been  taken  to  provide  against  the  impeding 
action  of  friction,  the  machine  being  intended  to  be  as  nearly 
frictionless  as  possible.  The  engine  rests  upon  three  points  of 
support,  and  thus  is  not  liable  to  be  thrown  out  of  line  by  any 
inequalities  of  foundation  or  bolting.  When  tested,  the  engine  to 
be  experimented  with  was  simply  set  on  blocking,  and  had  no 
foundation  ;  but  so  well  was  it  balanced,  and  so  perfectly  was  its 


METHOD  OF  ATTACHING  THE  INDICATORS, 
ftp  16 


alignment  maintained,  that  it  ran  with  absolute  smoothness,  and 
as  steadily  as  if  it  had  been  given  the  heaviest  foundation 
possible. 

For  the  purposes  of  test,  it  was  fitted  with  a  pair  of  carefully 
standardized  indicators  and  a  Prony  brake.  Cards  were  taken 
simultaneously  from  both  ends  of  the  cylinder,  and  at  the  same 
instant  readings  from  the  brake  were  obtained.  A  comparison  of 
the  power  indicated  by  the  diagrams  aud  that  shown  by  the  brake 
gave  a  difference  which  measured  the  friction  of  the  engine. 
During  the  trial,  the  engine,  when  working  at  its  rated  power, 
consumed,  according  to  the  indications  of  the  diagrams,  28.2 
pounds  of  steam  per  horse- power  per  hour,  or,  probably,  between 
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35  and  38  pounds,  allowing  for  the  loss  by  cylinder  condensation, 
not  accounted  for  on  the  indicator  card,  a  very  excellent  per- 
formance for  an  engine  of  but  35  horse-power.  The  action  of  the 
governor  was  extraordinarily  perfect.  The  engine  was  adjusted 
to  make  230  revolutions  per  minute  under  90  pounds  steam  press- 
ure. The  observers  reported  that  it  made  the  same  number  of 
turns  whether  loaded  or  unloaded,  an  evident  impossibility  with 


a  governor  of  this  class,  in  which  only  approximate  isochronism 
can  be  attained.  The  writer,  to  settle  the  question,  counted  the 
revolutions,  minute  by  minute,  with  a  hand-speed  counter,  and 
made  it  230  revolutions  with  the  whole  rated  load  on  the  engine 
(35  to  40  horse-power),  and  231  when  entirely  unloaded,  the  brake- 
strap  being  loosened  until  it  could  be  shaken  about  on  the  pulley, 
by  the  hand,  with  perfect  ease.     This   was   repeated   until   no 
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question  could  longer  exist  in  regard  to  the  matter.     The  varia- 
tion with  variable  steam  pressure  was  greater. 

The  following   are  the  data  obtained  from  the  brake  and  indi- 
cator readings : 


Number   of 
Card. 

Revolutions. 

Steam 
Pressure. 

Brake  H.  P. 

Indicator 
H.  P. 

Diff. 

Friction  per 
cent. 

1 

232 

50 

4.06 

7.41 

3.35 

45 

2 

229 

65 

4.98 

7.58 

2.60 

34 

3 

230 

63 

6.00 

10.00 

4.00 

40 

4 

230 

69 

7.00 

10.27 

3.29 

32 

5 

230 

73 

8.10 

11.75 

3.65 

32 

6 

230 

77 

9.00 

12.70 

3.70 

29 

7 

230 

75 

10.00 

14.02 

4.02 

28 

8 

230 

80 

11.00 

14.78 

5.78 

25.5 

9 

230 

80 

12.00 

15.17 

3.17 

21 

10 

230 

85 

13.00 

15.96 

2.96 

18.5 

11 

230 

75 

14.00 

16.86 

2.86 

17 

12 

230 

70 

15.00 

17.80 

2.80 

15.75 

13 

231 

72 

20.1 

22.07 

2.06 

9 

14 

230 

75 

25.00 

28.31 

3.36 

11.75 

15 

229 

60 

29.55 

33.04 

3.16 

9.5 

16 

229 

58 

34.86 

37.20 

2.34 

6.3 

17 

229 

70 

39.85 

43.04 

3.19 

7.4 

18 

230 

85 

45.00 

47.79 

2.75 

5.8 

19 

230 

90 

50.00 

52.60 

2.60 

4.9 

20 

230 

85 

55.00 

57.54 

2.54 

4.4 

This  engine  was  8  inches  in  diameter  of  cylinder,  14  inches 
stroke  of  piston,  having  a  rod  44  inches  long  between  centers,  a 
balanced  valve  with  stroke  of  2  to  4  inches,  according  to  position 
of  governor  and  eccentric,  a  fly-wheel  50  inches  in  diameter, 
weighing  2,300  pounds,  the  steam  and  exhaust  pipes  having  diam- 
eters of  2j  and  4  inches,  respectively,  and  the  whole  machine 
weighing  2£  tons.  The  space  occupied  by  the  engine  was  9  feet 
4  inches  in  length,  by  4  feet  8  inches  in  width,  and  3  feet  10 
inches  in  height. 

Examining  the  above  table  of  powers,  it  is  seen  that  the  differ- 
ence between  indicated  and  dynamometric  power,  the  friction  of 
the  engine,  varies  somewhat  with  varying  steam  pressures  and 
varying  total  power ;  but  in  such  manner  as  to  indicate  the  con- 
trolling cause  to  be  irregular  in  action,  and  possibly  to  some  ex- 
tent due  to  errors  of  observation  and  to  accident.  The  maximum 
is  four  horse-power,  the  minimum  about  two  horse-power.  The 
usual  difference  is  about  three  and  the  variations  are  irregularly 
distributed  throughout  the  whole  range  of  experiments.  It  is 
evident  at  a  glance  that  the  law  of  De  Pambour  does  not  hold, 
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and  that  it  is  as  nearly  correct  to  say  that  the  friction  of  engine 
is  constant  as  otherwise.  The  column  of  friction,  as  given  in 
percentages  of  the  total  power,  exhibits  the  same  fact.  There  is 
continual,  though  somewhat  irregular,  reduction  of  the  percentage 
of  friction,  throughout  the  range  from  the  lowest  to  the  highest 
power,  and  very  nearly  inversely  as  the  power  exerted.  This  is 
best  shown  by  the  curve  given  in  the  accompanying  plate  (Fig.  23), 
in  which  a  smooth  line  has  been  drawn  to  represent  as  nearly  as 
possible  the  mean  of  all  observations.     The  power  for  which  the 


PLAN  OF  ARRANGEMENT  EOH  ENGINE  TRIAL 
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engine  is  proportioned  is  35  to  40  horse-power.  At  this  power, 
the  friction  of  engine  is  but  about  6  per  cent,  of  the  total,  or  less 
than  one-half  that  assumed  by  De  Pambour,  and  accepted  as 
correct  by  Kankine,  for  engines  generally,  and  presumably  for 
locomotives  especially.  The  result  is  exceedingly  gratifying,  and 
seems  to  the  writer  extraordinary  for  so  small  an  engine. 

The  repetition  of  the  experiment  upon  an  engine  of  another 
make,  having  a  cylinder  9  inches  in  diameter  and  a  stroke  of 
piston  of  12  inches,  which  would  naturally  give  a  somewhat  in- 
creased percentage  of  friction,  in  consequence  of  the  proportion- 
ally smaller  stroke,  at  20,  30,  50  and  65  horse-power,  by  brake, 
and  running  free,  revolutions  300  per  minute — a  speed  which  may 
also  have  caused  some  increase  in  frictional  resistance,  not  only 
in  rubbing  parts,  but  by  increasing  back  pressure — gave  a  friction 
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of  engine  measuring  from  2. 06  horse-power  unloaded,  to  4  horse- 
power at  20  to  30  horse-power,  4.8  horse-power  at  50,  and  5.3  at  65 
horse-power,  the  total  friction  increasing  perceptibly,  as  assumed 
by  De  Pambour,  but  decreasing  in  percentage  of  load,  from  16  to 
7.5,  between  20  and  65  horse-power.  It  is  very  nearly  constant 
throughout  the  whole  range  of  power  that  the  engine  would  be 
worked  under  ordinary  circumstances,  and  may  be  so  taken 
without  serious  error;  while  the  adoption  of  the  Pambour 
formula  would  give  a  value  of  f  so  small  that  its  use  would  not 
be  attended,  ordinarily,  with  sufficient  increased  exactness  to 
compensate  for  the  additional  trouble  involved  in  its  application. 
At  their  rated  powers  the  two  engines  thus  exhibit  efficiencies 
of  mechanism  of  about  94  and  90  per  cent.,  respectively. 

The  second  series  of  experiments  were  made*  during  the  latter 
part  of  last  college  year,  confirming  the  deductions  already  given, 
while  some  very  interesting  and  original  modifications  were  made 
in  the  details  of  method  and  trial.  The  engine  taken  for  test  was 
a  machine  recently  built  and  sent  to  the  Cornell  University  for 
purposes  of  experimental  investigation  in  electrical  measurement 
and  other  work  of  the  college.  It  is  an  engine  7  inches  in  diam- 
eter of  cylinder  and  12  inches  stroke,  or,  more  exactly,  6f  inches 
in  diameter ;  the  cylinder  having  been  bored  slightly  under  size. 
The  general  plan  of  the  engine  is  similar  to  the  first  of  those  already 
described,  and,  like  that,  is  carefully  designed  with  a  view  to  re- 
ducing Motion  to  a  minimum,  and  giving  a  regulation  of  maximum 
efficiency.  The  brake  was  precisely  like  that  used  in  the  first  de- 
scribed experiments,  and  was  built  for  the  engine  constructed  in 
the  college  workshops,  under  the  direction  of  the  inventor,  and 
exhibited  at  the  Centennial  Exhibition  in  1876.  It  was  construct- 
ed by  the  Straight  Line  Engine  Co.,  and  adapted,  with  very  little 
alteration,  to  the  new  engine.  The  indicators  were  carefully 
standardized  and  put  in  good  order  in  every  respect,  by  the 
makers,  for  the  purposes  of  these  investigations.  The  reducing 
mechanism  used  in  connecting  the  indicator  barrel  to  the  cross- 
head  of  the  engine  was  designed  and  built  by  the  observers,  and 
fitted  with  a  very  firm  connecting  arrangement,  and  with  an  in- 
genious detaching  device.  A  sector  was  constructed  which  was 
pivoted  above  the  cross-head,  and  hung  in  the  vertical  plane  above 
the  latter,  the  engine  being  horizontal.  The  arc  of  the  sector  car- 
ried a  pair  of  steel  ribbons,  one  attached  to  each  end,  each  carried 

*  By  Messrs.  W.  A.  Day  and  W.  H.  Riley,  at  Cornell  University. 
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around  the  arc  and  secured,  at  its  opposite  end,  to  the  end  of  a 
bar  fastened  on  the  cross-head,  in  such  manner  that,  the  two  ends 
of  the  ribbons  at  the  cross-head  bar  being  well  secured  and  tightly 
drawn  up,  by  means  of  screws  placed  conveniently  for  the  purpose, 
all  back-lash  was  prevented,  and  an  absolutely  exact  synchronism 
of  movement  of  indicator  line  and  cross-head  was  obtained.  The 
engine  was  driven  at  285  revolutions  per  minute,  and  it  was 
therefore  very  important  that  this  rigidity  of  connection  should  be 
secured.  A  smaller  sector  at  the  upper  part  of  the  larger  one  was 
the  carrier  of  the  cord,  and  the  combination  was  thus  a  perfect 
means  of  reproducing  the  motion  of  the  engine  on  the  smaller  scale 
required  in  working  the  paper  barrel  of  the  indicator.  The  "  cord  " 
was  piano  wire,  a  material  much  less  liable  to  cause  difficulty  by 
stretching  than  any  other  that  was  available.  Its  free  part  was 
kept  taut  by  a  "  spiral "  (helical)  spring,  attached  beyond  the 
point  of  connection  with  the  paper  cylinder. 

In  the  first  of  these  experiments,  as  already  described,  Thomp- 
son indicators  were  used ;  in  those  about  to  be  considered  Crosby 
instruments.  It  was  hoped  that  the  new  Tabor  indicator  could  be 
used  also,  but  none  were  received  in  time.  The  instruments  used 
worked  perfectly,  and  gave  no  trouble  from  beginning  to  end. 
The  speed  indicators  were  of  several  kinds.  Hand  instruments  of 
two  or  three  kinds  were  used  to  check  the  records  of  the  auto- 
matic instruments.  A  "  tachometer  "  was  attached  and  belted  to 
the  engine  shaft,  and  afforded  a  very  convenient  means  of  watching 
the  momentary  fluctuations  due  to  variations  of  load,  of  steam 
pressure,  and  of  accidental  disturbances.  A  chronograph  was  also 
attached,  connected  with  the  standard  clock  in  the  physical  lab- 
oratory, to  beat  seconds.  A  commutator  was  placed  on  the 
engine  shaft,  making  contact  at  each  revolution,  and  a  key  near 
the  engine,  for  the  purpose  of  breaking  contact.  A  Brown  mer- 
cury speed-indicator  served  excellently  well  for  a  constant  speed- 
indicator.  It  exhibited  instantly  any  variation  of  speed  from  the 
normal.  The  chronograph  was  set  in  operation  when  the  indicator 
cards  were  taken,  and  thus  gave  the  exact  speed  of  the  engine  at 
that  instant.  Great  care  was  taken  to  keep  the  instruments,  and 
the  engine  as  well,  in  good  order  and  well  lubricated  throughout 
the  series  of  experiments.  Some  stiffness  of  the  governor,  how- 
ever, the  cause  of  which  was  not  discovered  until  after  the  work 
had  been  completed,  caused  it  to  work  less  perfectly  than  in  the 
engine  first  used,  and  the  speed  varied  more  than  in  that  series  of 
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determinations.  When  the  governor  was  in  its  most  perfect  ad- 
justment, the  engine  was  capable  of  holding  the  standard  speed 
within  a  fraction  of  one  revolution  throughout  a  wide  range  of 
work,  and  nearly  down  to  the  lowest  power  that  such  an  engine 
is  at  all  likely  ever  to  be  called  upon  to  supply. 


Fig.  19. 

The  mean  effective  pressure  required  to  drive  the  engine  alone, 
loaded  and  unloaded,  throughout  the  whole  range  of  the  trials 
here  made,  was  4.55  pounds  per  inch  of  piston,  and  was  nearly 
constant,  as  in  the  first  investigation.  The  steam  pressure  usually 
ranged  between  65  and  75  pounds  per  square  inch  at  the  steam 
chest,  but,  when  it  was  desired  to  secure  a  card  to  be  more  easily 
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worked  up,  the  pressure  was  dropped  to  20  pounds.  A  series  of 
special  experiments  made  to  determine  the  question  whether  the 
friction  of  engine  is  variable  with  boiler  pressure,  although  not  in  all 


Fig.  20. 


respects  satisfactory,  indicated  a  slight  increase  in  engine  friction 
as  steam  pressures  rose.  The  conclusion  already  arrived  at  by  the 
writer,  as  deduced  from  the  work  previously  done,  that  the  engine 
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friction  in  this  class  of  steam  engine  is  constant,  or  sensibly  so, 
under  all  loads  is  thus  here  again  confirmed.  The  following  are 
the  data  obtained,  arranged  as  before,  to  exhibit  the  relations  of 
the  indicated  to  the  dvnamometric  power : 


I. 

2. 

3. 

4. 

5. 

6. 

r. 

8. 

No.  of 

Rev.  per 

St.  Press. 

Brake  Power. 

Ind.  H.  PPI. 

Diff.  Frict. 

Mean  F. 

Frict. 

Card. 

Minute. 

H.  P. 

per  card. 

H.  P. 

Press. 

per  cent 

1 

282 

19 

0 

2.26 

2.26 

3.70 

100 

2 

288 

65 

4.87 

8.43 

3.56 

5.56 

42 

3 

286 

66 

7.61 

10.95 

3.33 

5.25 

30 

4 

284 

65 

10.30 

12.93 

2.89 

4.13 

20 

5 

285 

71 

13.10 

15.99 

2.61 

4.25 

18 

6 

284 

76 

15.80 

18.79 

2.99 

4.71 

16 

7 

284 

74 

18  55 

20.73 

2.65 

4.18 

12 

8 

280 

67 

21.00 

23.73 

2.73 

4.37 

11 

9 

279 

G5 

23.6k 

25.95 

2.33 

3.73 

9 

10 

280 

75 

26.39 

29.95 

2.36 

5.38 

11 

11 

280 

72 

29.03 

32.22 

3.19 

5.15 

10 

The  first  glance  at  column  6  or  at  column  7  of  the  above  table, 
in  which  the  horse-power  absorbed  by  the  friction  of  the  engine, 
and  the  mean  effective  pressure  corresponding  to  that  power  are 
presented,  shows  that,  as  already  concluded,  the  resfstance  of  this 
class  of  engine  at  constant  speed,  is  practically  constant  at  all  loads, 
and  that  the  differences  and  irregularities  observed  are  due  to  acci- 
dental causes.  The  variation  of  speed  recorded  here  is  in  some 
cases  due  to  differences  of  steam  pressure,  partly  purposely  pro- 
duced, and  partly  coming  of  the  fact  that  it  was  necessary  to  take 
steam  as  it  could  be  obtained,  and  was  impracticable  to  secure 
steady  pressure,  and  in  other  instances  was  due  to  the  fact,  after- 
ward discovered,  that  the  governor  had  been  adjusted  in  such 
manner  as  to  be  slightly  cramped,  and  thus  deprived  of  its  won- 
derful sensitiveness  and  accuracy,  as  exhibited  before  this  defect 
had  been  introduced,  and  after  it  had  been  remedied.  Chrono- 
graph records,  made  later  by  Professor  Anthony,  exhibit  the 
most  extraordinary  smoothness. 

These  variations  of  speed  served  the  useful  purpose  of  calling 
attention  to  the  fact  that  the  engine  friction  varied,  at  constant 
load  and  speed,  with  variation  of  steam  pressure,  and  to  a  very 
noticeable  amount,  within  the  usual  range  of  pressures  met  with 
in  practice.  It  is  seen  that,  in  rising  from  19  to  76  pounds  steam 
pressure,  the  pressure  demanded  to  give  the  engine  its  normal 
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speed  unloaded  ranged  from  below  4  to  above  5  pounds  per 
square  inch  of  area  of  piston,  the  pressure  required  in  the  cylin- 
der rising,  on  the  whole,  though  irregularly,  as  steam  pressure  rose. 
In  order  to  determine  whether  this,  which  might  prove  to  be  a 
hitherto  unobserved  law,  were  true,  the  following  data  were  ob- 
tained by  a  series  of  experiments,  made  for  the  purpose  of  set- 
tling this  new  question. 


No.  of 
Card. 

Rev. 

St.  Press. 

I.  II.  P. 

Mean  Press. 

Mean  F. 
Press. 

Per  cent. 
Frict. 

1 

250 

25 

6.01 

10.84 

1.95 

18 

1 

2 

271 

89 

6.52 

10.85 

2.71 

27 

3 

285 

42 

7.17 

11.35 

3.63 

32 

4 
5 

280 
271 

46 

58 

7.08 
6.81 

11.60 
11.28 

3.59 
3.16 

31 
28 

Ten  pounds  on 
the  brake. 

6 

289 

63 

7.85 

12.25 

4.65 

38 

7 

286 

68 

7.77 

12.25 

4.90 

40 

8 

28:J 

77 

7.88 

12.47 

3.74 

38 

9 

296 

82 

7.87 

12.00 

4.68 

39 

J 

10 

275 

71 

2.10 

3.46 

3  46 

100 

) 

11 

279 

66  V 

1 .  995 

3.22 

3.22 

" 

12 

277 

44 

1.708 

2.78 

2.78 

" 

18 

275 

35 

1.71 

2.80 

2.80 

" 

1    No  load  on  the 

14 

275 

30 

1.613 

2.04 

2.64 

" 

brakes. 

15 

272 

25 

1.876 

3.11 

3.11 

." 

16 

270 

19 

1.724 

2.88 

2.88 

" 

17 

270 

15 

1.712 

2.86 

2.86 

„ 

In  the  first  set  of  experiments,  here  numbered  1  to  9,  inclusive, 
the  weight  on  the  brake  arm  was  kept  constant  at  ten  pounds ; 
in  the  remaining-  experiments  all  weight  was  removed.  In  both 
sets,  the  same  general  effect  is  seen.  As  the  steam  pressure  rises, 
the  speed  being  the  same  and  the  resistance  the  same,  the  fric- 
tion of  the  engine  increases  ;  from  2  pounds,  at  25  pounds  press- 
ure in  the  steam  chest,  to  nearly  five  pounds  per  square  inch  of 
piston  at  the  maximum,  82  pounds  steam  in  the  valve-chest.  As 
the  steam  pressure  fell  from  this  point  to  15  pounds,  in  experi- 
ments 9  to  17,  the  load  being  thrown  off  entirely,  and  the  speed 
being  nearly  constant,  the  mean  pressure,  measuring  the  friction, 
of  engine,  falls  again  below  3  pounds  per  square  inch  of  piston. 
The  difference  is  'considerably  less  in  the  last  series  than  in  the 
first;  which  apparent  discrepancy  is  accounted  for  by  the  fact 
that  the  variation  of  steam  pressure  in  the  first  series  was  ac- 
companied by  a  greater  change  of  speed  of  engine  than  in  the 
second.  The  resistance  is  seen  to  increase  slowly,  therefore, 
with  increase  in  speed  of  rotation.  The  effect  of  change  of  press- 
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ure  is,  in  these  cases,  more  marked  than  that  of  alteration    of 
velocity  of  the  engine. 

The  accompanying  illustrations  show  the  apparatus  and  exhibit 
the  facts  revealed  by  the  investigations  which  have  now  been 
described  better  than  can  the  text.  Fig.  15  shows  the  method  of 
attaching  the  indicators,  with  an  elevation  of  the  engine  cylinder 
and  section  at  the  cross-head;  Fig.  16  exhibits  the  same  arrange- 
ment in  plan  ;  Fig.  17  gives  an  enlarged  view  of  the  reducing 
mechanism  and  attachment  to  the  cross-head ;  Fig.  18  is  an  out- 
line plan  of  engine  and  surroundings,  exhibiting  the  location  of 
instruments ;   and  Figs.  19  and  20  represent  characteristic  dia- 
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grams  obtained  by  means  of  the  indicator,  showing  the  varia- 
tions of  steam  distribution  with  variations  of  load  on  the  brake. 
All  these  illustrations  refer  to  the  work  of  later  date.  Figs.  21 
and  22  are  given  to  exhibit  the  method  of  variation  of  mean  fric- 
tion pressures  with  variation  of  load,  the  variation  of  the  per- 
centage of  friction  resistance  as  a  fraction  of  total  resistance  with 
varying  loads,  for  the  last  investigation ;  and,  for  comparison,  the 
same  ratios,  as  obtained  in  the  work  done  at  the  American  Insti- 
tute Exhibition,  are  given  in  Fig.  23.  These  last  curves  are  seen 
to  be  approximately  hyperbolic  ;  while  the  first  given  is  a  straight 
line.  The  originals  of  these  curves  were  carefully  plotted  by 
Messrs.  Day  and  Riley,  from  the  records  of  original  observations, 
and  beautifully  represent  the  laws  which  it  was  the  object  of 
these  investigations  to  reveal  and  establish. 

After  a  survey  of  this  work,  it  may  be  asked,  How  does  it 
happen  that  rise  in  steam  pressure  produces  evident  increase  of 
the  frictional  resistance  of  the  engine  ?  It  was  long  ago  shown 
by  the  writer,  and  is  now  well  established  by  many  independent 
investigations,  that,  with  good  lubrication,  increase  of  pressure 
on  a  journal  gives  decreased  co-efficients  of  friction,  and  this 
would  seem  to  show  that  the  friction  of  engines  in  which  the 
resistance  caused  by  friction  is  mainly  due  to  journals  and  lubri- 
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cated  surfaces,  should  become  less  as  pressures  increase,  the 
useful  load  and  the  speed  of  engine  remaining  constant.  This 
query  is  a  very  natural  one,  and  is  based  upon  a  correct  state- 
ment of  fact,  however  inconsistent  it  may  seem  to  be  with  the 
results  above  derived.  The  cause  of  the  apparent  discrepancy  is 
attributable,  probably,  to  the  variation  produced  by  the  action  of 
the  governor  in  the  distribution  of  steam.     It  will  be  seen  that 
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the  effect  of  increase  of  steam  pressure  is  to  cause  acceleration  of 
speed  of  engine,  a  change  essential  to  produce  the  action  of  the 
governor  at  all,  and  that  it  results  in  the  readjustment  of  the  set 
of  the  valve  in  such  manner  as  to  cause  the  greater  proportion  of 
the  nearly  constant  amount  of  work  performed  to  be  done  more 
nearly  at  the  commencement  of  the  stroke,  at  a  point  in  the  orbit 
of  the  crank-pin  at  which  the  work  is  mainly  lost  by  friction,  and 
to  reduce  the  proportion  of  total  work  done  at  or  near  the  "  half- 


100 


ON   THE   FEICTION   OF   NON-CONDENSING   ENGINES. 


center,"  where  it  is  principally  useful.  The  proportion  of  useful 
to  lost  work  is  thus  varied  in  such  manner  as  to  give  a  mean 
final  result  which  is  the  less  favorable  as  the  steam  pressure  is 
higher,  and  the  cut-off  shorter,  giving  a  higher  ratio  of  expansion. 
It  is  also  evident  that,  if  this  explanation  is  correct,  the  difference 
here  noted  will  be  less  as  the  point  of  cut-off  approaches  and 
passes  the  half-stroke  position  of  piston  and  cross-head.  Could 
the  valve  be  set  with  negative  lead  for  all  positions  at  the  point 
of  cut-off,  as  is  considered  right  by  some  experienced  engineers, 
the  work  would  be  more  nearly  performed  at  positions  removed 
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from  the  "  dead  points,"  and  the  variation  here  described  would 
be  thus  reduced,  while  the  efficiency  of  the  engine  would  be 
increased. 

Professor  Eankine  proposed  the  formula, 


R  =  Rl(l-f) 


(2) 


This  formula  is  evidently  inadmissible,  at  least  for  the  class  of 
engine  which  was  made  the  subject  of  the  experiments  which 
have  been  here  described.  Since  the  friction  of  engine  is,  so  far 
as  can  be  here  seen,  sensibly  independent  of  the  magnitude  of 
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the  load  and  of  the  resistance  produced  by  it,  the  correct  formula 
would  seem  to  be  : 

R  =  Bl  +  B0 (3) 

the  total  resistance  met  at  the  piston  being  the  sum  of  the  resist- 
ance of  the  engine  itself  and  that  of  the  load,  both  being  deter- 
minable, both  being  independent,  and  being  governed  by  entirely 
different  laws. 

The  conclusions  to  be  drawn  from  what  has  preceded  are 
obviously  the  following  : 

(1.)  The  friction  of  the  non-condensing  engine,  of  the  class  here 
described,  is  sensibly  constant  at  any  given  speed,  at  all  loads, 
and  is  at  different  speeds  entirely  independent  of  the  magnitude 
of  the  load. 

(2.)  The  friction  of  engines,  of  the  type  described,  is  variable 
with  variation  of  speed  of  engine,  increasing  as  speed  increases, 
in  some  ratio  as  yet  undetermined,  but  probably  different  with 
every  engine,  and,  for  the  same  engine,  with  every  change  of  con- 
ditions of  operation. 

(3.)  The  friction  of  engines  increases  with  increase  of  steam 
pressure,  in  the  case  of  the  class  here  referred  to,  in  a  probably 
similarly  variable  manner  with  that  observed  with  alteration  of 
speed,  neither  method  of  variation  being  capable  of  representation 
by  any  convenient  algebraic  expression. 

(4.)  The  total  resistance,  measured  at  the  piston  of  the  engine, 
is  composed  of  two  parts,  the  one  sensibly  constant  at  the  work- 
ing speed,  the  other  variable  with  external  load,  and  may  be,  for 
practical  purposes,  at  least,  represented  by  the  expression, 

R  =■  Mi  —  R0, 

in  which  R  is  the  total  resistance,  as  shown  on  the  indicator 
diagram, i?i  the  resistance  due  to  the  external  load ;  e.g.,  as  meas- 
ured by  a  Prony  brake,  and  R0  the  resistance  of  the  unloaded 
engine,  as  shown  by  a  "  friction  card "  taken  with  the  steam- 
engine  indicator. 

It  is  sufficiently  obvious  that  these  conclusions  are,  at  present 
at  least,  only  certainly  applicable  to  one  class  of  engine.  It  is 
not  improbable  that  the  condensing  engine  may  be  subject  to 
quite  different  la#vs.  It  is  to  be  hoped  that  this  question  may  be 
settled  by  direct  experiment  at  an  early  day.  The  custom  has 
obtained,  hitherto,  of  allowing  a  certain  pressure  per  square  inch 
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of  piston  as  the  equivalent  of  the  friction  resistance  of  the  engine 
in  marine  practice — this  pressure  being  taken  at  from  2^  pounds 
in  the  case  of  engines  of  moderate  size,  to  1\  with  the  largest 
engines.  It  has  never  yet  been  ascertained  whether,  or  to  what 
extent,  the  friction  of  engine  is  augmented  by  the  imposition  of 
load.  The  assumed  figure  represents  from  5  to  10  per  cent.,  usu- 
ally, of  the  total  indicated  power  of  the  engine.  Isherwood  has 
taken  lh  per  cent,  of  the  useful  load  as  the  amount  of  increase  of 
friction  of  engine  due  to  its  action.  This  estimate  is  stated  to  be 
made  on  the  basis  of  the  data  given  by  General  Morin,  whose  co- 
efficients for  friction  of  lubricated  surfaces  are  now  known  to  be 
enormously  larger  tlian  those  customarily  met  with  in  practice  in 
well  lubricated  journals  of  large  size  working  under  heavy  press- 
ures. In  such  cases,  Avhen  the  surfaces  are  in  good  order,  the  co- 
efficient is  known  to  fall  to  below  1  per  cent.,  instead  of  being  from 
3  to  5,  as  given  by  Morin,  as  determined  under  the  different  con- 
ditions of  his  experiments.  Where  the  journals  are  not  well 
lubricated,  and  especially  when  they  are  rough  or  cut  by  abrasion, 
friction  may  increase  enormously  and  may  pass  far  beyond  the  fig- 
ures given  by  Moriu  even ;  but  such  exceptional  conditions  can- 
not be  taken  into  account  to  establish  laws  for  application  in 
design,  or  in  good  practice.  For  all  cases  in  which  the  friction 
varies,  as  in  the  examples  here  above  illustrated,  the  "  friction 
card  "  sensibly  represents  the  correct  tare,  whether  the  engine  be 
loaded  or  unloaded. 

A  word  in  explanation  of  the  fact  here  shown,  that  the  increased 
load  thrown  upon  the  shaft,  crank-pin,  and  cross-head  journals 
does  not  noticeably  increase  the  friction  of  engine,  will  be  consid- 
ered not  out  of  place  here.  The  friction  of  engine  consists  of  the 
resistances  due  to  the  motion  of  the  various  piston,  valve,  and 
other  rods  through  stuffing  boxes  and  in  guides,  the  friction  of  the 
piston  rings  on  the  cylinder  surface,  the  friction  of  eccentrics,  and 
often  other  parts,  which  are  independent  of  the  magnitude  of  the 
load  thrown  upon  the  engine  by  the  useful  resistance,  in  addition 
to  the  friction  of  the  journals  transmitting  the  effort  of  the  steam 
to  the  exterior  resisting  work,  and  of  the  cross-head  guides  and 
other  parts  indirectly  affected  by  its  variation.  It  thus  happens 
that  the  resistance  due  to  the  friction  of  the  latter  may  be,  and 
often  is,  but  a  small  proportion  of  the  whole  friction  of  engine. 
The  total  friction  of  engine,  as  has  been  seen,  in  engines  of  the 
class  here  studied,  and  of  the  sizes  described,  amounts  to  about  10 
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per  cent,  of  the  total  power  developed  when  fully  loaded  ;  but  the 
coefficient  of  friction  of  any  one  journal,  if  well  lubricated,  has 
been  found  by  the  writer,  by  hundreds  of  experiments,  under  such 
pressures  as  are  usual  on  the  main  journals  of  the  steam  engine, 
to  fall  below  1  per  cent.,  and  the  absorption  of  work  and  energy  is 
thus  a  still  lower  proportion  of  the  work  of  the  steam  in  propor- 
tion as  the  speed  of  rubbing  is  less  than  that  of  the  piston.  The 
loss  of  power  along  the  line  of  connection  is  thus  exceedingly 
small.  It  should  never  exceed  probably  2  per  cent,  of  the  work 
done,  or  between  10  and  20  per  cent,  of  the  total  friction.  Again  : 
the  coefficient  of  friction,  within  the  usual  range  of  pressures  on 
these  journals  and  the  guides,  with  good  lubrication,  increases 
rapidly  as  pressures  fall,  and  decreases  as  greatly  when  the  press- 
ures increase  with  variation  of  engine  power  and  load,  and  this 
often  occurs  so  rapidly  that  the  total  frictional  resistance,  on  these 
parts,  even,  varies  very  slowly  with  variation  of  load ;  while  the 
friction  of  the  other  portions  of  the  engine,  above  mentioned, 
remains  quite  constant.  The  resultant  effect  is,  as  shown  by  the 
investigation  here  described,  a  practically  constant  friction  of 
engine  under  all  loads,  the  speed  and  steam  pressure  being  con- 
stant. Whether  this  is  true  of  condensing  engines  is  doubtful, 
and  it  would  be  an  important  extension  of  this  research  could 
similar  investigations  be  made  of  the  friction  of  other  forms,  and 
especially  the  marine  steam  engine  and  pumping  engines. 

DISCUSSION. 

Mr.  George  II.  Barrus. — Prof.  Thurston's  paper  touches  a  very 
interesting  and  important  subject,  and  furnishes  a  valuable  contri- 
bution to  steam-engineering  data. 

I  wish  to  offer  some  figures  obtained  on  my  tests  of  a  45  HP. 
Westinghonse  engine  running  at  a  speed  of  350  revolutions  per 
minute,  which  gave  results  of  a  similar  character. 

The  indicated  horse-power  developed  by  the  engine,  when  run- 
ning unloaded,  was  6.1  HP.  The  difference  between  the  brake 
IIP.  and  indicated  HP.,  when  the  latter  was  44.5,  was  6.1. ;  when 
the  indicated  HP.  was  34.6  the  difference  was  5.6,  and  when  the 
indicated  HP.  was  25.3  the  difference  was  6.3. 

The  following  table  presents  similar  results  obtained  on  a  Corliss 
engine  in  France,  reported  in  the  Bulletin  de  la  Societe  Indiistrielle 
de  Mulhouse,  December,  1878 : 
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Indicated 
Horse  Power. 

Brake 
Horse  Power. 

Difference. 

12.2 

72.8 
101.9 
119.5 
133.3 
145.4 
158.4 

0. 
60.4 
89.7 

106.0 

121.5 

133. 

144.8 

12.2 

12.4 

12.1 

Do                          

13.9 

Do                       

11.9 

Do.            

12.4 

Do.                        

13  6 

Prof.  R.  H.  Thurston. — Two  or  three  points  come  up  in  the 
paper  here  which  are  of  particular  interest  to  me.  One  is  the  vari- 
ation of  the  friction-resistance  with  speed  of  engine.  In  this  in- 
stance it  was  shown  very  clearly  that  as  the  speed  varied  the  resist- 
ance varied,  and  the  variation  of  total  resistance  of  engine  was,  in 
such  cases,  greater  than  the  variation  due  to  the  imposition  of  the 
load  ;  that  is  to  say,  speeding  that  engine  up,  under  a  constant 
load,  from  275  to  300  revolutions,  an  appreciable  increase  of  resist- 
ance would  occur,  of  such  importance  as  might  modify  the  commer- 
cial economy  of  the  engine  to  a  very  observable  extent. 

Then  another  thing  came  out :  that  the  method  of  distribution  of 
steam  affects  the  friction  of  the  engine  vastly  more  than  the  mag- 
nitude of  load.  Assuming  the  two  cases  again  for  comparison  :  we 
take  a  friction  card  from  the  engine ;  then  take  a  card  with  full 
load,  and  we  do  not  find  very  much  difference ;  we  may  even  find 
the  friction  in  the  second  case  smaller  than  in  the  first.  Now,  if  we 
drive  the  same  load  with  low  steam,  and  again  drive  the  same  load 
with  high  steam,  we  at  once  produce  a  difference  in  the  method  of 
distribution  of  steam  in  the  engine.  In  the  first  case  the  mean 
pressure  approximates  more  closely  to  the  maximum  pressure. 
We  carry  out  the  boiler  pressure  farther  in  the  stroke ;  we  cut  off 
"longer"  than  in  the  other  case,  where,  with  high  steam  pressure, 
we  cut  off  short,  and  expand  very  considerably,  and  get  a  greater 
difference  between  the  maximum  pressure  in  the  cylinder  and  the 
mean  pressure.  In  these  two  cases  we  find  a  marked  difference  in 
the  amount  of  friction  in  the  engine.  With  low  steam,  the  fric- 
tion of  engine  was  very  considerably  less  than  with  high  steam, 
and  I  have  presumed  this  difference  to  be  accounted  for  by  the 
fact  that  where  we  carry  a  high  steam  pressure  and  cut  off  short, 
the  high  pressure  takes  effect  on  the  engine  as  it  passes — or  very 
soon  after  passing — the  centers,  and  while  the  crank  is  sweeping 
through  a  large  arc,  and  a  considerable  amount  of  work  is  done  in 
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friction,  while  a  small  amount  is  done  in  actually  moving  the  load. 
Thus,  by  that,  method  of  variation  we  may  change  the  method  of 
distribution  of  friction  of  engine,  and  change  its  gross  amount  to 
such  an  extent  that  there  we  may  find  that,  by  carrying  high 
steam,  we  may  go  beyond  the  point  that  represents  maximum 
economy,  by  the  simple  fact  of  introducing  this  wide  variation .  ot 
steam  pressure. 

I  would  add  to  this  the  suggestion  that  members  may  find  it 
of  interest  to  note  the  point  which  it  is  desired  to  bring  out  with 
special  clearness:  that  in  every  engine  the  friction  of  the  engine 
does  not  consist  solely,  or  even  in  large  part,  of  the  friction  of 
rotating  parts  and  that  produced  by  pressure  upon  those  parts;  it 
consists  of  friction  at  several  points  varying  in  kind,  and  in 
method  of  variation,  or  in  law,  and  it  is  the  sum  of  these  that  we 
measure  up  when  we  take  a  friction  card  from  an  engine.  Now, 
some  of  these  are  absolutely  constant.  The  friction  of  the  piston 
rings  against  the  interior  of  the  cylinder  is  often  a  very  considerable 
proportion  of  the  total  friction,  and  that  friction,  where  there  is  no 
leak  past  the  rings,  is  probably  constant  under  all  loads,  but  perhaps 
not  at  all  speeds.  The  friction  that  varies  with  a  load  is  simply  the 
friction  of  journals  under  pressure  due  to  the  load.  For  example, 
the  main  shaft  journals  not  only  carry  the  weight  of  the  fly-wheel 
and  the  pull  of  the  belt,  but  also  a  certain  amount  of  pressure 
due  to  the  transmission  of  work  through  them.  The  crank-pin 
takes  a  certain  amount  of  friction  due  to  the  pressure  of  the  crank- 
pin,  due  to  the  connecting  rod  operating  on  the  journal,  and  that 
of  course  will  change  in  magnitude  with  variations  in  load  ;  and  the 
same  is  true  of  the  wrist-pin  at  the  cross-head.  But  all  the  other 
journals  of  the  engine,  and  all  the  other  parts  of  the  engine  that 
move,  are  subject  to  other  laws,  simply  because  they  do  not  transmit 
load.  So  that  it  is  extremely  possible  that  all  these  other  frictions 
taken  together  may  have  a  constant  value  under  all  conditions; 
while  the  other  quantity  which  De  Pambour  mentions,  is  a  quan- 
tity which,  if  measured,  we  find  to  be  comparatively  small ;  and  in 
a  well-proportioned  engine,  one  with  parts  well  lubricated,  you  will 
find  that  the  friction  of  the  main  shaft  journals,  the  friction  of 
the  crank,  the  wrist-pin  and  the  slides,  taken  together,  make  a 
comparatively  small  fraction  of  the  total  friction  of  the  engine. 
Consequently  we  might  have — assuming  that  friction  to  vary  as 
assumed  by  De  Pambour,  and -by  writers  subsequent  to  him — 
we  might  have  a  variation  under  that  law  that  nevertheless  should 
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not  affect  the  total  friction  so  greatly  as  to  become  practically  im- 
portant. Xow,  the  fact  is,  that  although  this  friction  does  exist, 
when  we  put  more  load  on  the  engine,  increasing  the  pressure 
on  all  these  journals,  the  coefficient  of  friction  goes  down  while  the 
pressurcgoes  up.  The  coefficient  decreases  continually  and  tends  to 
reduce  the  total  friction,  and  the  result  of  these  two  variations  in  con- 
trary directions  is  to  produce  such  an  effect,  that  it  was  supposed  by 
one  gentleman  who  has  spoken  to  me  about  it,  to  result  in  a  neu- 
tralization of  the  two  opposing  elements,  and  in  constant  frictional 
resistance  under  these  variable  conditions  as  to  pressure  and  load. 
The  fact  is,  usually,  that  an  increase  of  total  friction  does  occur  to 
a  slight  extent:  that  is  to  say,  the  decrease  of  the  coefficient  of 
friction  does  not  occur  to  so  great  an  extent  as  the  increase  of 
pressure,  and  consequently  there  is  a  slight,  and  in  these  cases,  a 
variable  amount  of  added  friction  in  consequence  of  the  increase  of 
load  on  the  engine.  It  is  easy  to  see  that  such  cases  may  arise,  and 
that  the  increased  friction  of  engine,  due  to  this  varying  load,  may 
be  overlooked  entirely  in  our  treatment  of  the  engine,  and  the  en- 
gine of  a  particular  make  may  show  that  assumption  to  be  a  perfectly 
fair  one;  but  it  does  not  follow  that  this  would  be  true  of  another 
engine  that  we  may  not  have  experimented  with.  I  presume  it  is 
true  for  condensing  engines,  where  we  are  handling  a  large  amount 
of  water  subject  to  the  laws  of  fluid  resistance. 

Mr.  Win.  Kent. — It  seems  to  me  that  experiments  in  the  direc- 
tion of  reducing  friction  ought  to  be  largely  in  the  direction  of 
trying  to  reduce  the  friction  in  the  cylinder;  as  we  have  now  de- 
termined that  in  these  engines  at  least  the  friction  is  a  constant 
quantity,  the  probability  is  that  the  largest  portion  of  that  friction 
is  due  to  pushing  the  piston  through  the  cylinder.  I  think  experi- 
ments should  be  made  in  the  direction  of  reducing  that  friction  by 
determining  the  kind  and  size  of  rings  and  the  method  of  pressing 
out  these  rings. 

Mr.  Geo.  I.  Alden. — I  would  simply  say  that  this  question  was 
considered  at  the  Free  Institute  at  Worcester  by  one  of  the  students 
in  the  last  class,  and  the  results,  so  far  as  we  could  judge  of  them 
from  the  limited  experiments  made,  were  in  the  same  direction, 
namely,  that  the  friction  was  substantially  constant  with  the  various 
loads. 

Mr.  A.  R.  Wolff. — It  seems  to  me  that  the  general  practice  of 
engineers  m  the  measurement  of  power  is  of  itself  testimony  to  the 
general  correctness  of  the  fact  that  with  the  same  initial  pressure 
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and  the  same  rate  of  revolution,  the  friction  of  engine  is  almost 
independent  of  the  load  that  is  put  npon  it.  Of  course  in  the 
measurement  of  power  it  is  a  common  practice  to  take  the  card 
with  the  engine  loaded,  and  afterwards  to  take  the  "friction 
card"  with  the  same  initial  pressure  and  the  same  rate  of  revolution. 
If  there  were  any  great  variation  in  the  friction  of  engine,  if  loaded 
or  not,  or  if  it  had  been  considered  of  late  years  that  any  great 
variation  existed,  it  seems  to  me  that  the  course  of  power  measure- 
ment ordinarily  pursued  would  have  been  entirely  unjustifiable. 
But  on  this  very  account  I  consider  it  of  importance  and  value  that 
we  have  had  special  experiments  made  by  Prof.  Thurston  exactly 
in  that  line  to  corroborate  the  practice  which  has  existed  in  the  past 
few  years. 

Mr.  H.  R.  Towne. — There  is  one  point  which  Prof.  Thurston's 
remarks  on  the  difference  in  the  distribution  of  steam  suo^ests  to 
me;  there  will  probably  be  a  very  considerable  difference  in  the  lu- 
brication of  the  main  journals,  in  one  case,  under  constant  conditions 
of  pressure,  and,  in  the  other  case,  subject  to  intermittent  conditions 
of  pressure.  In  the  latter  case  there  is  a  liability  to  partial  or  com- 
plete expulsion  of  the  lubricant  from  between  the  two  surfaces 
during  the  moment  of  high  pressure,  and  a  probable  increase? 
therefore,  of  the  sum  total  of  friction  beyond  what  there  would  be 
in  the  previous  case. 

Professor  Thurston. — I  presume,  Mr.  President,  that  the  effect 
of  a  variable  compression  would  be  to  modify  somewhat  the  dis- 
tribution of  frictions  in  the  engine,  and  the  final  result;  but,  from 
the  fact  that  in  this  whole  range  of  experiments  we  have  not  been 
able  to  produce  any  appreciable  variation  in  the  total  friction  of 
engine,  I  should  say  that  that  change,  whatever  it  might  be,  would 
not  be  an  important  one.  It  is  a  matter  that  should  be  deter- 
mined by  direct  experiment.  I  do  not  feel  able  or  willing  to  say 
positively  what  would  be  the  difference  in  the  two  cases.  I  should 
perhaps  expect  that  a  variable  compression  would  produce  a 
variable  friction  ;  it  might  be  studied  in  comparison  with  another 
form  of  engine.  It  is  a  matter  that  cannot  be  settled  positively, 
except  by  direct  experiment  made  especially  to  determine  that 
point. 

In  regard  to  another  case,  that  where  a  balanced  valve  is  used,  of 
course  it  does  to  some  extent  make  a  difference  in  the  character  of 
the  friction  and  its  magnitude.  With  an  unbalanced  valve,  or  a 
partially  balanced  valve,  such  as  we  had  here,  the  total  friction  of 
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valve  is  less  of  course  in  the  case  of  the  balanced  than  of  the  unbal- 
anced valve,  but  the  nature  of  the  friction  is  precisely  the  same; 
and  so  far  as  the  law  of  variation  of  engine  is  concerned  I  imagine 
the  fact  is  not  important.  If  it  has  any  importance,  it  is  in  the  di- 
rection of  the  production  of  constancy  of  friction  under  all  loads  at 
a  constant  speed  and  still  greater  variations  of  friction  under  all 
variations  of  steam  pressure.  I  have  not  much  doubt  that  the  fric- 
tion of  the  common  slide  valve,  as  ordinarily  operated,  is  an  appre- 
ciable quantity  in  measuring  up  the  total  resistance  of  engine. 

I  said  that  the  law  of  the  condensing  engine  might  be,  and  that 
I  presumed  it  would  be,  different  from  that  of  the  non-condensing 
engine,  referring,  of  course,  to  the  ordinary  forms  of  condensing  en- 
gine. Where  there  is  an  independent  air,  or  circulating  pump,  I 
should  expect  that  the  engine  itself  would  go  on  about  its  business 
without  really  being  aware  whether  it  had  a  condenser  or  not,  and 
would  be  subject  to  the  same  laws  as  any  non-condensing  engine; 
but,  actually,  the  friction  of  all  these  details  should  be  taken  in  as 
a  part  of  the  friction  of  the  engine.  Those  parts  certainly  will 
be  subject  to  those  laws  which  govern  resistance  due  to  motion  of 
fluids  and  the  introduction  into  the  engine,  whether  by  an  inde- 
pendent system  or  by  an  attached  system,  of  air  pump  or  circulat- 
ing pump,  would  introduce  these  new  resistances — resistances  fol- 
lowing different  laws  from  those  found  in  the  non-condensing  en- 
gine ;  and  I  should  expect,  there,  that  the  law  of  fluid  friction,  the 
resistance  varying  as  the  square  of  the  velocities  through  the  pipes 
and  through  the  valves,  would  become  so  important  a  matter  as  to 
produce  a  difference  that  would  be  quite  perceptible  in  the  method 
of  variation  of  total  resistance.  We  know  that  the  load  upon  an 
ordinary  condensing  engine,  in  the  operation  of  its  own  air  pump, 
and  of  its  circulating  pump,  is  a  very  severe  tax;  it  is  a  quantity 
which  must  be  variable  with  speed  of  engine.  With  constant 
speed  of  engine  under  variable  load,  as  in  a  stationary  en- 
gine driving  a  mill,  and  subject  to  the  action  of  the  regu- 
lator, you  would  have  another  variation  due  to  the  fact  that 
with  the  same  apparatus,  the  same  set  of  valves,  the  same  pumps, 
the  engine  is  using  different  quantities  of  condensing  water,  and 
consequently  the  rate  of-  flow  through  the  pumps  and  pipes  is 
continually  varying.  If  one-half  the  power  is  used,  one-half  the 
amount  of  condensing  water  will  pass  through  this  system  ;  and 
that  means  half  the  speed  of  flow  through  the  pipes  and  pumps; 
and  that  means  one-quarter  as  much  resistance  due  to  their  fric- 
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tion.  Thus,  although  the  direct  train  of  mechanism  from  piston  to 
crank  shaft  would  be  subject  to  exactly  the  same  laws  as  in  the 
other  case,  the  machine  as  a  whole,  in  which  we  should  include  air 
pumps  and  circulating  pumps,  whether  independent  or  not,  would 
be  subject,  I  presume,  to  a  different  law,  and  to  a  law  which 
would,  perhaps,  be  more  exactly  expressed  by  De  Pambour's  state- 
ment. 

Mr.  John  T.  Hawkins. — In  the  experiments  given,  it  would  be 
well,  I  think,  if  they  were  extended  so  as  to  cover  some  of  the 
varying  conditions  under  which  such  engines  run,  both  in  practice 
and  under  experimental  tests,  such  as  these,  which  would,  I  think, 
be  somewhat  likely  to  modify  the  results  obtained. 

It  would  appear  probable,  for  instance,  that  the  action  of  the  Prony 
brake,  when  applied  with  the  arm  in  the  horizontal  position  and  its 
effort  vertically  downward,  would  be  to  lift  the  main  shaft  in  its 
bearings  as  the  load  is  increased,  and  thus  diminish  the  friction  in 
its  journals;  and,  in  fact,  this  action  of  the  brake  might  be  such  as 
to  cause,  not  only  an  entire  release  of  pressure  of  the  shaft  upon  the 
lower  half,  at  a  certain  load,  but  to  cause  pressure  upward  at  a  still 
greater  load.  With  the  brake-arm  vertical,  and  its  effort  exerted 
horizontally  at  the  end  of  the  arm,  the  result  of  increased  load 
would  be  to  increase  proportionally  the  horizontal  pressure  in 
these  same  journals  without  affecting  the  vertical  pressure.  Some- 
what similar  varying  conditions  might,  I  think,  possibly  result 
from  main  driving  belts  leading  in  different  directions,  vertically 
upward  or  downward,  or  in  horizontal  directions,  or  at  certain 
angles.     This,  however,  is  not  so  clear. 

Again,  it  is  very  certain  that  the  friction  of  the  cross-head 
guides  is  no  very  insignificant  fraction  of  the  total  friction  of  a 
horizontal  direct-acting  engine ;  and  equally  palpable  that,  where 
an  engine  is  running  under — in  which  case  the  pressure  upon  the 
guides  due  to  the  angularity  of  the  connecting  rod  is  upward — the 
friction  due  to  the  weight  of  the  parts  must  be  obliterated  before 
any  pressure  will  be  exerted  upon  the  lower  side  of  the  guide;  in 
other  words,  the  weight  of  the  parts  compensates  to  that  extent 
for  what  Would  otherwise  be  friction  on  the  under  side  of  the 
guides;  while,  if  running  over,  increase  of  load  would  increase  the 
friction  at  the  guides  proportionally  to  the  pressure  on  their  upper 
side. 

It  would,  therefore,  appear  to  be  certain,  for  instance,  that,  in 
an  engine  running  under,  and  in  which  the  power  was  absorbed  by 
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a  Prony  brake  with  horizontal  arm,  the  friction  of  the  load  would 
vary  in  a  different  way  from  one  in  which  it  was  run  over  with  the 
brake-arm  vertical.  The  quantity  by  which  it  would  be  varied  by 
these  conditions  can  hardly  be  so  insignificant  as  to  warrant  their 
being  neglected  in  any  investigation  of  this  kind,  but  is  probably 
of  sufficient  magnitude  to  render  the  first  conclusion  incorrect  for 
one,  if  correct  for  the  other  set  of  conditions;  although  the  figures 
in  column  6,  on  the  fifth  page  of  this  paper,  varying,  as  they  do,  from 
2.06  to  5. 78  HP.,  do  so  sufficiently  and  irregularly  enough,  per- 
haps, to  include  as  much  or  more  than  would  come  from  the  con- 
ditions above  described.  Fur  the  above  reasons,  therefore,  I  am 
inclined  to  believe  that  the  conclusion  Xo.  1  of  the  paper  would 
not  be  substantiated  under  more  exhaustive  experiments,  although 
qualified  as  it  is  by  the  word  "  sensible/'  and  that  we  could  hardly 
expect  to  s^t  aside  Para  hour's  long-accepted  conclusions  without 
more  exhaustive  experiments  covering  all  such  variations  in  the 
circumstances  under  which  the  engines  run,  as  I  have  attempted  to 
explain. 

Prof.  R.  H.  Thurston. — Referring  to  the  remarks  of  Mr.  Hawkins 
calling  attention  to  the  effect  of  the  brake  in  adding  to  the  pressure 
on  the  main  journals,  and  thus  influencing  the  results  of  the  tests 
as  reported,  I  would  simply  suggest  that  a  quantitative  statement 
be  worked  out,  of  the  precise  amount  of  this  effect  for  the  case  re- 
ported. It  will,  I  think,  be  found  that  the  pressure  to  which  he  calls 
attention  amounts  to  but  one  pound  to  the  horse-power,  and  when, 
as  is  usual  in  all  my  work  or  work  done  under  my  instructions,  the 
load  is  measured  by  the  action  of  the  end  of  the  brake-lever  upon 
platform  scales,  the  effect  is  simply  to  counteract  more  or  less  com- 
pletely the  weight  of  the  brake-strap  on  the  pulley,  and  that  the 
net  effect  is  too  utterly  insignificant  to  be  noticed.  Even  where 
the  brake-lever  pulls  upward  on  a  spring  balance,  as  is  often  the 
case,  the  effect  is  too  minute  to  affect  such  results  as  are  here  re- 
ported. Were  the  effect  observable,  it  would  produce  a  change  in 
the  direction  indicated  by  De  Pambour,  and  the  absence  of  such 
observed  effect  is  simply  more  strongly  corroborative  of  the  con- 
clusions obtained  from  the  trials  described  in  the  paper.  With 
such  proportions  of  brake  as  were  here  used,  and  with  such  as  are 
customarily  employed,  no  such  action  as  is  suggested  by  the  last 
speaker  would  ever  be  in  the  remotest  degree  approximated.  The 
position  of  the  brake-arm  and  the  weight  acting  at  its  end  are  of 
no  importance  whatever  here.     The  action,  or  the  results  obtained, 


ON   THE    FEICTION   OF   NON-CONDENSENG  ENGINES.  Ill 

would  not  have  been  affected  observably,  I  am  sure,  by  any  change 
in  position  of  brake-lever. 

I  should  expect  the  same  to  be  true  of  the  action  of  friction  on 
the  guides.  The  weight  of  parts,  and  the  friction  there,  are  too 
small  in  amount,  too  insignificant,  to  affect  the  iinal  results  appreci- 
ably, no  matter  whether  the  engine  runs  "  over  "  or  "  under."  It 
must  be  remembered  that  the  friction  there  is  never,  in  well-pro- 
portioned and  well-lubricated  engines,  more  than  a  small  fraction 
of  that  supposed  by  De  Pambour ;  instead  of  five  per  cent,  or 
something  like  it,  as  has  been  assumed  by  those  who  have  accepted 
Morin's  coefficients,  it  is,  or  ought  to  be,  in  all  cases  of  smooth-. 
running  and  well-oiled  surfaces,  inside  of  one  per  cent. ;  while  the 
pressure  at  that  point  is  a  very  small  fraction  of  the  piston  pressure, 
unless  the  length  of  rod  be  extraordinarily  small.  In  the  engine 
on  which  this  work  was  done,  the  rod  was  of  good  length,  and  the 
surfaces  as  frictionless  as  possible.  Again,  about  all  the  engines  in 
use  run  "  over,"  as  did  this  engine,  and,  even  were  the  results 
likely  to  be  affected  by  such  difference  of  adjustment,  the  conclu- 
sions here  obtained  would  probably  be  applicable  to  ninety  per  cent, 
of  all  such  engines  in  use — perhaps  to  ninety-five,  or  more,  per 
cent. 

While  I  agree  fully  with  the  speaker  in  thinking  that  we  should 
derive  great  advantage,  as  I  have  myself  suggested,  from  extended 
and  repeated  investigations  of  this  kind,  I  doubt,  I  entirely  dis- 
believe, that  the  conditions  to  which  he  calls  attention  will  be 
found  to  affect  the  conclusions  already  reached,  to  any  important 
extent. 

Since  writing*  the  paper  which  has  been  presented  to  the  So- 
ciety, my  attentiou  has  been  attracted  to  a  paper  by  Professor 
Robinson,  in  the  first  volume  of  the  Transactions  of  the  Society,f  on 
the  "  Efficiency  of  the  Crank,"  where  I  find  a  discussion  which 
bears  directly  upon  the  question  of  variation  of  engine  friction 
with  change  of  load  at  normal  speeds,  and  confirms  the  suggestion, 
made  by  me  in  the  paper  referred  to,  that  the  reason  of  the  varia- 
tion of  friction  exhibited  with  change  of  steam  pressures,  while  no 
such  variation  is  observable  with  varying  loads  at  constant  press- 
ure, may  be  partly  the  difference  in  method  of  distribution  of 
work  in  the  cylinder.      It  was  suggested  that  the  concentration 


*  Contributed  after  adjournment,  under  the  rules, 
f  Vol.  I.,  p.  231,  Trans.  A   S.  M.  E. 
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of  the  work  at  the  beginning  of  the  stroke,  at  the  higher  pressure, 
and  its  distribution  more  completely  throughout  the  stroke  at  low 
pressures,  may  be  one  cause  of  the  peculiar  behavior  noticed. 

On  consulting  Professor  Robinson's  paper,  page  9,  a  table  will 
be  found  giving  the  efficiency  of  the  crank,  i.  e.,  the  percentage 
of  work  passing  it,  and  the  proportion  of  work  absorbed  by  it  at 
various  expansions.  Taking  the  value  of  the  coefficient  of  friction 
at  one  per  cent,  which  the  writer  has  stated  in  the  original  paper 
on  friction  of  engine  to  be  probably  a  fair  maximum  figure  for 
machinery  in  good  order,  and  for  average  pressures  and  lubrication, 
that  table  becomes  the  following  : 

EFFICIENCY  OF  CRANK. 
A  +  a 


Values  of- 


2r 


Cut- 
off. 

0.1. 

0.2 

0.3. 

0.4. 

0 

.5. 

1.0. 

0.04 

1 

-0.0047 

1- 

.0094 

1 

-  .0141 

1  - 

.0188 

1- 

.  0235 

1  -  .0471 

0.05 

1 

-  .0044 

1  - 

.0089 

1 

-  .0133 

1  - 

.0177 

1  - 

.0222 

1  -  .0444 

0.06 

1 

-  .0042 

1  - 

.0085 

1 

-  .0127 

1  - 

.0170 

1  - 

.0212 

1—  .0424 

0.08 

1 

-  .0040 

1  - 

.0079 

1 

-  .0110 

1  — 

.0159 

1  - 

.0198 

1  -  .0397 

0.10 

1 

-  .0038 

1- 

.0075 

1 

-  .0113 

1  - 

.0151 

1  - 

.0188 

1  -  .0377 

0.20 

1 

-  .003/5 

1  - 

.0066 

1 

-  .0099 

1  - 

.0133 

1  - 

.0165 

1  -  .0331 

0.40 

1 

-  .0031 

1- 

.0061 

1 

-  .0092 

1- 

.0123 

1  - 

.0153 

1  -  .0307 

0.60 

1 

-  .0031 

1  - 

.0061 

1 

-  .0092 

1  - 

.0124 

1  - 

.0154 

1  -  .0308 

O.SO 

1 

-  .0034 

1  - 

.0067 

1 

-  .0111 

1  - 

.0135 

1- 

.0168 

1  -  .0337 

1.00 

1 

-  .0032 

1  - 

.0062 

1 

-  .0094 

1  - 

.0126 

1  - 

.0157 

1  -  .0314 

The  above  table,  it  should  be  noted,  is  prepared  for  the  case  of 
the  condensing  engine,  and  the  variation  in  the  distribution  of 
work  throughout  the  stroke,  with  varying  expansion,  is  here  very 
much  less  than  in  the  case  of  the  non-condensing  engine.  The 
variation  of  efficiency  with  change  of  steam  pressures,  in  the  case 
actually  studied,  is  thus  more  marked  than  is  here  shown.  Never- 
theless, it  is  seen  that,  in  this  case,  even,  the  proportion  of  work 
absorbed  by  the  crank  is  very  variable,  amounting  to  about  fifty 
per  cent,  more  at  the  shortest  cut-off  than  at  full  stroke.     The  re- 

A  1  Q 

lation  — r —  is  the  ratio  of  the  sum  of  the  radii  of  crank  and  main 
Zr 

journals  to  the  diameter  of  the  circle  described  by  the  pin,  or  to  the 

.stroke  of  piston.      In  short-stroke  engines,  as  screw  engines,  its 

value  maybe  usually  taken  as  about  0.5,  and  in  long-stroke  engines, 

as  side-wheel    marine  engines,  or  mill   engines,  of  slow  speed   of 

rotation,  at  about  0.2  on  the  average. 
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It  is  interesting  to  observe  the  difference  in  the  proportions  of 
work  wasted  on  the  crank  in  the  extreme  cases,  as  well  as  with 
variation  of  steam  distribution.  The  percentage  of  power  lost  at 
the  crank  is  small  in  all  cases  ;  but  it  is,  even  in  condensing  engines, 
ten  times  as  great  with  the  engine  of  shortest  stroke  as  with  that 
having  the  longest  stroke  in  proportion  to  size  of  crank- pin  and 
shaft.  In  the  engine  of  longest  stroke,  it  is  but  one-third  of  one 
per  cent,  at  common  ratios  of  expansion  ;  while,  in  the  machine  of 
shortest  stroke,  it  is  three  per  cent.  The  maximum  waste  occurs 
at  a  cut-off  taking  place  at  about  three-quarters  stroke.  For  all  en- 
gines of  usual  proportions,  it  may  be  assumed  that  the  loss  at  the 
crank-pin  should  not  exceed  from  two-thirds  to  one  per  cent.,  at 
ordinary  ratios  of  expansion.  Probably  the  waste  at  the  several 
journals  transmitting  the  pressure  from  piston  to  belt  or  driving- 
wheel  may  be  there  taken  at  about  three  times  that  on  the  crank, 
or  not  far  from  two  or  three,  possibly  five,  per  cent.,  and  varying, 
as  shown  above,  with  variation  of  the  distribution  of  steam.  The 
whole  variation  is  comparatively  unimportant,  however,  and  less 
than  the  writer  would  have  anticipated.  In  non-condensing  engines 
the  loss  is  greater  and  vastly  more  variable. 
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CCXXIX. 

RECENT  IMPROVEMENTS  IN  DREDGING-  MACHIN- 
ERY. 

BY    A.    WELLS    ROBINSON,  PHILADELPHIA.  PA. 

(Member  of  the  Society.) 

It  is  the  purpose  of  this  paper  to  deal  more  particularly  with  the 
chain-bucket  or  elevator  system  of  dredging,  and  to  draw  attention 
to  its  general  character  and  capabilities  as  compared  with  other  sys- 
tems. This  country  possesses  comparatively  few  examples  of  the 
chain-bucket  machine,  although  the  system  is  in  general  use  in 
many  of  the  most  important  harbor  and  river  improvement  works  of 
the  world,  and  on  the  Suez  and  Panama  Canals.  The  reason  for 
this  limited  use  may  be  found  to  some  degree  in  prejudice,  and  in 
the  fact  that  the  single  dipper  and  grapple  dredges  so  largely  used 
have  been  made  to  do  fairly  good  work  in  the  hands  of  experienced 
specialists.  The  principal  attention  having  thus  been  devoted  to 
these  machines,  the  knowledge  of  many  regarding  the  chain-bucket 
machine  is  limited,  or  confined  to  older  and  what  would  now  be 
considered  inefficient  examples,  which  cannot  compete  with  the 
latest  practice  or  be  taken  as  representatives  of  it. 

The  number  and  importance  of  the  dredging  machines  on  the 
endless-chain  principle  turned  out  by  Great  Britain,  and  the  ex- 
tended and  successful  use  of  the  system  in  other  places,  furnish  a 
precedent  which  we  cannot  afford  to  disregard.  A  study  of  some  of 
the  best  examples  of  these  machines,  both  in  use  and  while  building 
on  the  stocks  on  the  Clyde,  shows  that  while  they  contain  some 
features  which  an  American  engineer  would  not  care  to  imitate, 
they  are,  nevertheless,  of  the  most  solid  and  substantial  character,  and 
excellently  adapted  to  their  purpose.  They  are  usually  built  with 
an  iron  hull,  self-propelling,  and  fitted  with  compound  engines  of 
marine  type,  which  require  massive  gearing  to  transmit  the  power 
to  the  buckets,  and  exhibit  a  tendency  to  weight  and  complication 
that  appears  excessive,  and  are  costly  both  to  build  and  to  maintain. 
Nevertheless  their  performance  shows  a  very  fair  result  in  the  total 
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cost  and  quantity  of  work  clone.  From  published  statements  of  the 
performance  of  the  dredging  fleet  belonging  to  the  Clyde  trustees 
— who  possess  one  of  the  most  extensive  plants  for  river  and  harbor 
work  in  the  world — it  appears  that  in  the  year  1882,  five  of  their 
chain-bucket  machines  dredged  an  aggregate  of  1,309,300  cubic 
yards  of  mud,  with  some  clay,  blasted  rock  and  boulders,  at  a  total 
cost  of  $66,800,  or  5.1  cents  per  cubic  yard.  Of  this  cost  the  wages, 
fuel  and  stores  formed  44  per  cent,  and  general  repairs  56  per  cent. 
These  results  may  be  taken  as  evidence  that  the  chain-bucket,  as  a 
system,  is  good  ;  the  work  of  moving  such  a  large  volume  of  ma- 
terial at  a  low  total  cost  being  accomplished  in  a  crowded  river, 
where  interruptions  are  frequent,  and  in  the  face  of  a  mechanical 
inefficiency  which  absorbed  so  large  a  proportion  of  the  working 
expenses  in  cost  of  repairs  ;  an  inefficiency  which  appeared  to  be 
caused  by  mechanical  difficulties,  and  not  inherent  in  the  system. 

In  comparing  the  general  principles  of  different  systems  of  dredg- 
ing,' it  will  be  seen  that  the  strong  point  of  the  endless-chain  ma- 
chine lies  in  its  continuous  action,  as  distinguished  from  the  inter- 
mittent action  of  the  dipper  or  grapple  dredge.  The  only  other 
continuous  discharge  machines  in  use,  to  the  writer's  knowledge, 
are  those  constructed  on  the  pumping  or  suction  principle.  The 
application  of  this  principle  is  very  limited,  and  requires  peculiar 
conditions  to  make  it  practicable,  and  a  material  which  can  be  mixed 
with  water  to  make  a  fluid  capable  of  being  pumped.  In  certain 
situations  the  discharge  of  the  material  with  a  large  admixture  of 
water  is  desirable  or  not  objectionable,  as  where  it  is  pumped  on 
shore,  to  flow  and  distribute  the  solid  matter  over  a  considerable 
area.  As  a  rule  this  is  not  the  case,  and  for  all  ordinary  conditions 
and  for  tough  or  stony  digging,  it  seems  to  be  the  most  rational 
method  of  excavation  to  handle  the  material  bodily  in  a  properly 
adapted  bucket.  The  liability  of  the  pumps,  etc.,  to  clog,  and  the 
friction  and  abrasion  of  the  interior  surfaces  of  the  pumps  and 
connections,  are  difficulties  which  have  not  yet  been  practically 
solved. 

Where  the  work  is  of  sufficient  extent,  the  chain-bucket  machine 
cnn  deal  with  large  quantities  of  material  at  a  rapid  rate,  and  cuts  a 
perfectly  level  bottom  ;  which  is  difficult,  if  not  impossible,  to  ob- 
tain with  the  single-bucket  machines.  The  latter  have  also  to  dig 
considerably  below  the  required  depth  in  order  to  be  sure  that 
inequalities  do  not  project  above  it  ;  thus  involving  superfluous 
work.     On  the  works  with  which  the  writer  has  been  connected,  it 
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is  customary  to  gauge  the  water  level  and  depth  of  cut  to  inches, 
and  to  set  the  buckets  to  cut  six  inches  below  the  depth  to  which 
the  channel  is  afterward  tested.  So  accurately  is  this  done  with 
chain-bucket  machines  that  vessels  regularly  pass  with  but  a  few 
inches  between  their  keels  and  the  bottom. 

The  digging  action  of  the  chain  buckets  takes  place  in  a  manner 
calculated  to  apply  the  power  to  the  best  advantage,  the  cutting 
edges  entering  horizontally  and  then  curving  upward  on  a  short 
radius,  so  as  to  fill  the  buckets  and  retain  the  contents.  They  are 
also  able  to  take  off  light  cuts  over  large  areas  as  efficiently  as  heavy 
cuts. 

The  entire  apparatus  is  in  equilibrium  as  to  the  weight  of  the 
working  parts,  power  being  required  to  elevate  the  dredged  ma- 
terial only,  and  to  overcome  the  digging  and  frictional  resistances  ; 
whereas,  in  a  dipper  or  grapple  dredge  the  power  expended  in  lift- 
ing the  bucket  and  its  attachments  is  lost  at  every  stroke.  This 
loss  is  quite  considerable,  and  in  a  deep-water  machine  is  frequently 
equal  to  raising  a  weight  of  several  tons  to  a  height  of  35  or  40  feet 
at  each  lift.  In  regard  to  the  expenditure  of  power  in  a  chain- 
bucket  machine,  it  appears  from  indicator  cards  taken  by  the  writer 
from  the  engines  of  several  machines,  that  about  226,000  to  353,000 
foot-pounds  or  6  to  lOf  hor6e-power  is  required  per  cubic  yard  of 
material  actually  discharged  when  in  effective  work.  Looking  at  a 
single-bucket  dredge  in  a  similiar  manner  and  working  under  sim- 
ilar circumstances,  it  is  found  to  take  106  revolutions  of  an  engine 
14  x  16  with  75  to  90  pounds  of  boiler  pressure,  to  deliver  one  bucket- 
ful of  material  of  about  2^  cubic  yards.  This  at  30  pounds  mean 
pressure  in  cylinder  is  equal  to  1,305,920  foot-pounds  or  about  15.8 
horse-power  per  cubic  yard.  These  are  actual  examples,  both  work- 
in  tolerably  yielding  material,  and  in  about  32  feet  of  water.  Dif- 
ferent cases  will  vary  considerably  ;  but  the  writer  thinks  that, 
under  ordinary  circumstances,  it  may  be  assumed,  that  a  dredge  in 
which  a  single  bucket  is  worked  from  a  crane  or  boom,  requires 
about  double  the  power  for  the  same  work  as  a  well-designed  chain 
dredge. 

It  thus  appears  that  the  chain-bucket  system  is  good  in  princi- 
ple, and  also  good  in  practice,  as  its  extensive  use  testifies,  notwith- 
standing the  mechanical  difficulties  to  be  overcome,  in  order  to 
obtain  simplicity  and  durability.  These  difficulties  are  not,  how- 
ever, confined  to  this  class  of  machinery  exclusively.  Those  expe- 
rienced in  the  operation  and  maintenance  of  dredging  machinery  of 
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whatever  kind,  do  not  need  to  be  told  of  the  almost  incessant  re- 
pairs made  necessary  by  the  severity  of  the  duty,  and  by  the  wear 
and  tear  produced  by  conditions  which  are  favorable  to  the  rapid 
depreciation  of  the  machinery. 

Gradually,  and  by  costly  experience,  are  the  weak  points  elimi- 
nated and  the  efficiency  increased,  until  a  machine  is  produced 
which  can  be  counted  on  with  tolerable  certainty,  to  do  the  work 
required  of  it.  By  such  a  process  have  the  structural  details  of  the 
•endless-chain  machine  crystallized  into  something  like  a  system, 
varied  of  course  to  suit  different  requirements. 

In  considering  these  details,  the  construction  of  the  chain  of 
buckets  claims  first  attention.  It  is  of  obvious  importance  to  keep 
the  weight  of  these  buckets  at  a  minimum  while  retaining  the  re- 
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quired  strength.  With  many  forms  of  chain,  the  tension  caused 
by  its  own  weight  constitutes  so  large  a  proportion  of  the  total 
working  stress,  that  only  a  small  balance  is  available  for  doing  the 
work.  The  degree  to  which  strength  and  lightness  can  be  com- 
bined depends  first,  on  the  tensile  strength  of  the  metal  employed, 
and  then  upon  a  skillful  distribution  of  that  metal.  In  the  earlier 
forms,  many  examples  of  which  are  still  in  use,  the  endless  chain 
consists  of  a  series  of  stout  wrought-iron  links  connected  by  joint- 
pins,  the  shell  or  body  of  a  bucket  being  riveted  to  every  alternate 
set  of  links.  There  are  usually  four  links  under  and  forming  part 
of  a  bucket,  and  two  intermediate  connecting  links,  the  eyes  of 
which  are  bushed  with  steel.  Such  a  bucket  and  one  of  the  links 
are  shown  in  Figs.  24,  25  and  26,  which  are  drawn  from  actual 
measurement,  and  may  be  taken  as  a  fair  example  of  an  extensively 
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used  bucket.  A  chain  of  buckets  constructed  in  this  manner  will 
do  good  and  rapid  work  in  moderately  yielding  material,  while 
they  can  be  kept  at  it ;  but  the  wear  is  excessive  on  account  of  the 
small  and  roughly  fitted  bearing  surfaces  of  the  joints,  and  the 
grinding  action  of  sand  and  water.  There  being  very  little  stiff- 
ness to  this  kind  of  bucket  the  springing  of  the  plates  and  hard 
knocks  tend  to  loosen  the  rivets,  and  about  six  months'  work  suffices 
to  get  the  bucket  ready  for  the  repair  shop. 

Official  returns  of  the  performance  of  an  extensive  dredffinof 
plant  in  another  locality  shows,  by  a  statement  of  repairs,  the 
average  life  of  a  bucket  of  the  kind  described  above  to  be  146 
days,  of  a  connecting  link  77|-  days,  and  of  a  joint-pin  102  daj^s, 
these  being  the  average  intervals  of  service  before  requiring  re- 
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moval  for  repairs.  They  will,  of  course,  stand  a  limited  number 
of  such  repairs  before  becoming  finally  useless. 

With  the  recent  development  of  the  art  of  making  sound  and 
tough  steel  castings,  new  possibilities  were  opened  up,  and  the 
four  links  of  a  bucket  are  now  made  in  a  connected  form  of  a 
single  steel  casting,  to  which  the  top  or  body  is  riveted.  A  bucket 
of  this  kind  is  shown  in  Figs.  27  and  28.  The  construction  is 
thus  greatly  simplified,  and  much  of  the  difficulty  caused  by  the 
shaking  loose  of  a  number  of  riveted  parts  is  obviated. 

More  recently  still  it  has  been  shown  that  the  entire  bucket  can 
be  advantageously  formed  of  a  single  steel  casting.  There  still  re- 
mained, however,  the  destructive  and  costly  wear  of  the  bushes, 
pins  and  links  used  in  connecting  the  buckets.  Increasing  the 
bearing  surfaces  and  improving  the  standard  of  workmanship  does 
not  remedy  the  evil,  as  the  amount  of  metal  worn  away  with  a 
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sand  and  water  lubricant,  is  nearly  the  same ;  but  being  distributed 
over  a  larger  surface,  takes  a  little  longer  time,  and  it  did  not  seem 
to  pay  to  put  good  work  on  joints  which  would  not  stay  good. 

In  Figs.  30  to  33  is  shown  a  bucket  *  of  somewhat  different  de- 
sign, but  which  follows  out  still  further  the  direction  indicated  by 
the  previous  example.  In  this  bucket  the  endeavor  is  made  to 
combine  the  elements  of  lightness,  strength,  capacity  and  durability 
to  a  degree  not  heretofore  reached.     Durability  of  the  pin  connec- 
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tions  is  obtained  by  providing  large  wearing  surfaces,  from  which 
the  sand  and  grit  are  excluded  by  a  special  form  of  self-expanding 
packing  ring.  These  wearing  surfaces  are  then  lubricated  by  posi- 
tive feed  from  a  grease  chamber  formed  in  the  bore  of  the  tubular 
joint-pin,  and  which  is  arranged  to  be  readily  charged  from  the 
outside. 

The  bucket  is  composed  of  cast  steel  in  one  piece,  with  renewable 
steel  cutting  edges  and  wearing  surfaces,  and  so  proportioned  that 
the  safe  working  strength  is  in  excess  of  the  maximum  tensior 
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that  can  be  applied,  so  that  the  body  of  the  bucket  is  practically  in- 
destructible. 

It  will  be  seen  on  reference  to  Fig.  29,  in  which  several  buckets 
embodying  these  features  are  shown  in  position  upon  the  upper  or 
driving  tumbler,  that  they  differ  from  all  others,  both  in  general 
form  and  in  the  fact  that  no  intermediate  links  are  employed  to 
to  connect  them,  as  they  are  coupled  directly  to  each  other.  They 
are  adapted  to  work  on  an  improved  driving  tumbler,  in  which  the 
rear  end  of  the  bucket  is  supported  by  projections,  forming  an  ex- 
tension of  the  driving  face  of  the  tumbler.     The  links  of  the  chain, 
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in  passing  over  the  tumbler  as  commonly  made  in  the  form  of  a 
simple  polygon,  were  subjected  to  severe  bending  strains,  caused  by 
the  eyes  of  the  links  overhanging  the  corner  of  the  tumbler.  The 
links  thus  required  to  be  made  of  greater  weight  and  strength  than 
was  necessary  to  withstand  the  mere  tension.  Considerable  wear 
also  occurred  between  the  tumbler  faces  and  the  links  ;  the  corners 
of  the  former  becoming  rounded  and  increasing  the  liability  to 
breakage  of  the  chain.  With  the  improved  tumbler,  having  an  ex- 
tended seat  on  which  the  bucket  bears  for  its  whole  width  and 
length,  the  bending  stresses  are  reduced  so  that  the  principal  stress 
is  reduced  to  a  simple  tension  of  the  chain.  The  form  of  the 
bucket  also  permits  of  an  enormous  tensile  strain  being  provided 
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for  without  unduly  increasing  the  weight ;  as  the  whole  back, 
sides  and  bottom  of  the  bucket,  constitute  a  link  of  great  strength, 
and  excellent  form  to  resist  both  tensile  and  bending  stresses. 

It  is  of  the  highest  importance  to  reduce  the  number  of  parts  as 
far  as  possible.  There  are  few  mechanical  appliances  which  are  ex- 
posed to  as  rough  treatment  as  dredge  buckets,  and  it  is  conceived 
that  the  best  way  to  prevent  them  shaking  to  pieces,  is  to  make 
them  with  no  pieces  to  shake. 

The  elevator  system  has  always  been  an  attractive  one  to  in- 
ventors, and  the  Patent  Office  contains  the  record  of  many  curious 
devices  applied  to  dredging  and  excavating,  some  of  which  are 
modeled  after  a  flour-mill  elevator,  and  many  employing  a  pitch 
chain  composed  of  a  multitude  of  small  jointed  links,  with  other 
devices  equally  unsuccessful  in  practical  work.  Many  of  these 
have  never  been  heard  of  since,  and  some,  which  have  been  heard 
of,  have  by  reason  of  the  flimsiness  of  their  construction,  served  to 
extend  the  popular  notion  that  an  elevator  machine  may  possibly 
be  made  to  dig  sand  or  mud ;  but  for  stones  and  hard  material  is 
entirely  impracticable. 

The  writer  believes  this  to  be  a  misapprehension  of  the  capa- 
bilities of  the  system,  as  it  has  been  successfully  demonstrated 
that  "  hard  pan,"  slate,  shale  or  other  schistose  rock  can  be 
economically  dredged  from  its  natural  bed  with  a  properly 
adapted  chain-bucket  machine.  In  dredging  of  this  nature,  the 
principal  work  of  the  buckets  is  to  break  up  the  material,  and  for 
this  purpose  they  are  made  of  great  strength  and  fitted  with  steel 
teeth  of  special  form.  The  action  thus  resembles  a  series  of  pow- 
erful pickaxes  delivering  rapidly  repeated  blows.  It  will  be  seen 
that  in  work  of  this  kind,  a  special  advantage  is  derived  from  the 
doubling  of  the  buckets,  that  is,  constructing  the  chain  wholly  of 
buckets,  instead  of  half  the  number  connected  by  links,  the  digging 
effect  being  thus  doubled. 

Buckets  for  heavy  dredging  purposes,  made  entirely  of  cast  steel, 
were  first  used  in  this  country,  to  the  writer's  knowledge,  about 
four  years  ago,  upon  the  works  with  which  he  was  connected. 
These  have  since  been  doing  the  severest  kind  of  work,  tearing  up 
shale  rock  from  its  natural  bed  in  30  to  36  feet  of  water,  and  in  a 
current  of  4  to  6  miles  per  hour;  and,  with  the  exception  of  some 
wear  upon  the  renewable  portions,  are  practically  as  good  to-day  as 
at  first. 

There  must  inevitablv  be  deterioration  of  the  wearing  surfaces 
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of  the  buckets  and  connections,  but  while  tins  is  enormous  with 
the  older  forms,  and  appreciably  reduced  in  the  steel  "buckets  re- 
ferred to,  by  a  judicious  increase  of  bearing  surface,  it  can  only  be 
minimized  by  keeping  the  abrading  substance  out  of  the  joints, 
and  supplying  lubricant,  as  is  done  in  the  improved  buckets  shown 
in  Figs.  30  to  33,  designed  by  the  writer. 

For  the  purpose  of  comparing  the  three  forms  of  bucket  which 
have  been  illustrated,  the  following  table  of  proportions  and  capa- 
city is  appended : 


Maximum  depth  to  which  buckets  can  work ft. 

Number  of  buckets  in  chain 

Capacity  of  each  bucket   cu.  ft. 

Pitch  of  each  bucket ins. 

Weight  of  bucket-chain  per  foot  run lbs. 

Weight  of  bucket-chain  per  foot  of  capacity lbs. 

Total  weight  of  chain tons 

Safe  working  tension  of  chain tons 

Wearing  surface  of  piu-joints sq.  ins. 

Maximum  pressure  on  pin-joints lbs.  per  sq.  in. 

Ordinary  speed  of  buckets ft.  per  min. 

Discharging  capacity cu.  ft.  per  min. 

Discharging  capacity  cubic  yards  per  day  of  10  hours 


No.  1. 

No.  2. 

30 

31 

40 

34 

12 

15 

30 

30 

480 

623 

200 

208 

43 

47 

47 

50 

81.5 

42 

3,340 

2,660 

60 

70 

144 

200 

3,200 

4,400 

No.  3. 


30 

46 

10.4 

39 
440 
138 

29 

45 

75 

1,340 

130 

416 

0,200 


Nos.  1  and  2  being  examples  from  British  practice,  it  may  be  of 
interest  to  give  some  further  particulars  respecting  the  vessels  and 
their  performance. 

The  vessel  referred  to  as  No.  1  is  161  feet  long,  29  feet  beam, 
and  10  feet  depth  of  hold  ;  and  is  litted  with  the  wrought-iron 
buckets  shown  in  Figs.  24  to  26.  In  one  season  of  2,691  working 
hours,  this  machine  dredged  323,760  cubic  yards  at  a  cost  of 
$9,987,  or  Sj^  cents  per  cubic  yard. 

The  second  vessel  is  130  feet  long,  32  feet  beam,  and  10  feet  6 
inches  depth  of  hold.  In  the  first  six  months'  work  this  machine 
dredged  109,500  cubic  yards  in  139  working  days,  at  a  cost  of 
$9,309,  or  2Ty„  cents  per  cubic  yard.  The  material  was  mud  and 
clay  with  some  gravel  and  limestone  marl,  with  a  considerable 
number  of  snags  and  roots,  and  the  cost  includes  wages,  fuel, 
stores,  repairs  and  maintenance,  but  not  towing  or  depositing  the 
material  dredged. 

It  will  be  seen  from  the  table  that  the  weight  of  the  bucket-chain 
in  column  No.  3  (as  illustrated  in  Figs.  30  to  33),  while  of  equal 
strength  is  considerably  less  per  foot  than  No.  1  or  No.  2.     The 
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increase  of  capacity  and  larger  wearing  surfaces  should  also  be 
noted,  together  with  the  fact  that  a  reduced  pressure  per  square 
inch  is  obtained  in  protected  and  lubricated  joint  connections,  in- 
stead of  a  heavy  pressure  in  a  joint  exposed  to  the  grinding  action 
of  sand  and  water. 

With  the  improved  buckets  and  simplified  construction,  the 
chain-bucket  machine  is  capable  of  still  higher  results  than  those 
stated  above,  as  much  of  the  difficulty  labored  under  from  excessive 
weight  and  wear  and  tear  is  done  away  with,  and  a  machine  pro- 
duced which  is  cheaper  in  first  cost,  because  the  weight  is  less,  and 
cheaper  to  maintain,  because  more  durable. 

Fig.  34  shows  a  type  of  machine  adapted  for  channel  work,  and 


Fig.  34. 

represents  a  dredge  having  a  capacity  of  6,000  cubic  yards  per  day, 
and  capable  of  dredging  to  a  depth  of  25  feet.  The  mode  of  work- 
ing is  shown  in  Fig.  36.  The  hull  is  moored  in  position  by  anchor 
chains  controlled  by  a  steam  winch,  and  the  buckets  feed  sideways 
over  the  bottom  for  the  width  of  the  channel  to  be  made,  advanc- 
ing a  short  distance  ahead  at  every  cut  by  hauling  in  on  the  bow- 
chain.  In  some  cases  a  spud  anchor-post  is  used  at  the  stern  for 
mooring  the  hull,  the  buckets  at  the  front  end  taking  a  radial  cut 
about  the  spud  as  a  center.  A  machine  of  this  kind  is  represented 
in  Fig.  35. 

The  range  of  application  of  the  system  extends  to  almost  every 
kind  of  under-water  excavation,  and  it  is  as  well  adapted  for  canal 
dredging  as  for  channel  dredging.  A  machine  for  the  former 
class  of  work  is  arranged  to  cut  in  front,  so  as  to  excavate  its  own 
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floating  water,  and  to  form  the  banks  with  the  dredged  material  at 
one  operation.  In  the  case  of  a  combination  machine  designed  by 
the  writer,  the  material  is  deposited  on  the  bank  by  a  continuous 
discharging  apparatus,  which  allows  the  excess  of  water  to  drain  off 
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before  depositing,  thus  making  a  more  solid  embankment,  and 
avoiding  the  washing  back  of  the  material  into  the  cut. 

In  considering  the  cost  of  these  machines,  regard  should  be  had 
not  only  to  the  first  cost,  but  to  the  cost  of  maintenance  in  relation 
to  the  capacity,  and  to  the  extent  and  duration  of  the  work  to  be 
done.     One  elevator  machine,  with  a  capacity  of  6,000  cubic  yards 


per  day,  will  do  better  and  cheaper  work  than  four  other  dredges 
with  a  capacity  of  1,500  cubic  yards  each,  if  employed  on  the  same 
work,  although  the  former  may  cost  twice  as  much  to  build  and  run 
as  one  of  the  latter.  Where  the  work  is  such  that  the  machines 
can  be  kept  employed  without  great  or  frequent  periods  of  idleness, 
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the  first  cost  becomes  a  very  small  factor  in  the  total  cost  of  doing 
the  work. 

In  many  cases  concentration  of  plant  is  desirable,  as  reducing 
the  working  and  other  expenses.  This  tendency  is  illustrated  by 
the  fact  that  a  large  proportion  of  British  machines  are  now  built 
as  "Hopper  dredgers,"  that  is,  a  combined  self-propelling  dredge 
and  scow,  so  that  one  vessel  constitutes  the  complete  plant.  These 
vessels  can  dredge  a  load  of  800  to  1.000  tons  in  a  few  hours,  and 
then  steam  off  at  8  or  9  miles  per  hour  and  dump  it. 

In  conclusion,  the  writer  has  sought  to  present  briefly  the  lead- 
ing characteristics  of  the  chain-bucket  system  of  dredging  and  ex- 
cavating, together  with  the  detects  and  difficulties  met  with  in 
making  the  system  a  success,  both  mechanically  and  commercially. 
He  has  also  pointed  out  the  direction  in  which  improvements  are 
being  made  in  order  to  obviate  these  defects,  and  so  far  as  he  has 
gone  he  has  endeavored  to  increase  the  general  efficiency,  and, to 
construct  a  chain  of  buckets  that  will  be  durable. 

In  view  of  the  national  and  public  works,  in  which  dredging  and 
excavating  form  a  considerable  part,  it  is  of  importance  that  the 
subject  should  be  more  fully  understood,  and  the  fact  appreciated, 
that  the  cost  of  such  work  is  largely  governed  b}T  the  efficiency  of 
the  plant  employed. 

The  writer  has  not  attempted  to  go  into  the  many  details,  which 
go  to  make  up  a  successful  endless-chain  dredging  machine ;  such 
as  arrangement  of  hull,  engines,  and  subsidiary  gear,  systems  of 
framing,  etc.;  as  they  are  capable  of  being  adapted  to  a  variety  of 
conditions,  and  a  description  of  which  would  exceed  the  limits  of 
this  paper. 

DISCUSSIOK. 

Mr.  A.  W.  Robinson. — The  greatest  wear  and  tear  of  such  a  ma- 
chine takes  place,  of  course,  in  the  hinge  connections.  This  is  one 
great  reason  why  this  form  of  machine  has  not  been  introduced 
into  this  country  to  the  extent  to  which  it  has  been  used  elsewhere. 
The  fact  that  endless-chain  machines  are  in  use  in  other  places,  and 
wearing  out  so  fast  as  they  do,  and  are  able  to  do  satisfactory  work, 
or  at  least  economical  work,  in  that  way,  shows,  I  think,  that  if  we 
take  away  the  obvious  defects  and  deficiencies,  we  ought  to  have 
a  pretty  good  machine. 

The  packing  rings  are  made  of  moulded  rubber ;  they  are  made 
open,  so  as  to  be  removable,  with  the  ends  made  to  fold  into  one 
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another,  and  each  ring  is  held  in  place  by  a  brass  ring  which  has  a 
hook  and  eye  so  formed  in  it  that  when  it  is  placed  in  position,  one 
stroke  of  a  hammer  will  close  the  hook  over  and  retain  it  in  posi- 
tion. The  diameter  of  the  pin  on  which  those  packings  are  used 
will  vary  with  the  size  of  the  machine.  For  an  ordinary  heavy 
machine  for  heavy  dredging,  this  pin  will  be  from  3t]-  to  4|  inches 
in  diameter,  with  a  little  extra  space ;  the  ring  might  be  from  6  to 
7  inches  in  inside  diameter. 

The  details  of  the  lubrication  of  the  pin  connections  are  not  as 
clearly  shown  in  the  illustrations  in  the  paper  as  I  could  wish. 
Where  a  hollow  pin  is  used,  a  small  piston  fits  into  the  bore,  and 
by  a  screw  at  the  end  of  the  pin,  the  piston  can  be  made  to  force 
out  a  lubricant,  as  in  an  ordinary  grease-cup. 

The  grooves  in  which  the  packing  rings  are  situated  are  half 
round,  but  the  packing  rings  are  formed  with  flaring  sides,  expand- 
ing that  shape,  so  that  when  they  occupy  the  groove,  their  sides 
are  always  hugging  its  sides,  and  any  slight  end-motion,  which  will 
occur,  will  not  allow  any  dirt  to  enter  the  joint.  This  feature  of 
protecting  and  lubricating  the  joints  is  one  of  the  most  important 
in  machines  of  this  kind. 

Mr.  C.  C.  Hill. — Some  years  ago,  I  had  occasion,  to  some  extent, 
to  handle  the  problem  of  which  this  paper  treats,  out  in  the  alluvial 
deposits  of  Idaho.  With  your  permission  I  will  illustrate.  As  I 
presume  }rou  are  all  aware,  the  country  called  the  Snake  River 
Bottom  of  Idaho,  is  composed  of  an  alluvial  deposit  extending  for 
about  400  miles  along,  and  varying  from  half  a  mile  to  12  miles 
wide,  and  as  near  as  I  was  able  to  learn  while  engaged  out  there, 
it  contains  about  an  even  distribution  of  flour  gold.  It  has  been 
the  dream  of  a  great  many,  both  smart  and  stupid  men,  to  get  that 
gold.  I  was  engaged  by  a  company  who  tried  to  get  it  by  placing 
good  money  out  there,  and  in  my  attempts  I  started  some  of  what 
are  ordinarily  called  hydraulic  machines.  They  were  composed  of 
the  ordinary  cabinets  of  copper  plates  with  sluices  and  cradles,  etc., 
forming  run-ways  for  the  water  to  pass  over.  I  represented  two 
companies,  distinct,  though  composed  of  the  same  capitalists,  and 
one  of  them  had  for  its  object  the  solution  of  the  problem  by  hand- 
ling the  dirt  in  a  dry  state,  and  adding  the  water  afterward.  The 
company  possessed  a  bank  twenty-six  feet  high  from  the  water 
level,  extending  for  four  miles  down  the  banks  of  the  Snake  River, 
and  we  had  to  pump  from  the  Snake  River  the  water  we  wanted 
to  wash  this  bank  off  with.     So  I  started  as  a  man  would  start  in  a 
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hay  field  to  mow.  I  constructed  a  dredging  machine  twelve  feet 
wide,  carrying  eight  chains  of  buckets,  such  as  the  gentleman  just 
referred  to,  composed  of  heavy  chain  made  of  cast-iron  links.  As  I 
was  dealing  with  dry  material,  I  did  not  wish  to  use  any  lubricant, 
because  I  should  not  be  able  to  exclude  the  fine  dust  which  would 
be  present  in  the  bank.  I  therefore  used  wooden  blocks  in  the  joints 
of  the  chain  and  malleable  iron  buckets  very  much  like  a  tea-cup, 
ten  inches  across  the  top.  These  buckets  I  armed  with  steel  prods, 
one  on  each  bucket.  I  never  had  two  prods  on  one  bucket,  because 
the  rocks  would  be  caught  between  the  prods  and  prevent  pene- 
tration ;  but  by  putting  them  at  different  places  on  the  different 
buckets  I  succeeded  in  digging  the  bank,  which  was  so  hard  that  it 
was  difficult  to  pick  in  some  parts.  I  was  very  much  impressed  with 
the  idea  that  dredging  could  be  very  advantageously  done  on  that 
principle.  I  did  not  in  a  practical  way  accomplish  a  large  amount. 
I  could  dredge  the  material  well  enough ;  I  could  wash  it  well 
enough ;  but  after  I  had  it  washed  I  found  that  I  could  scarcely 
get  enough  to  pay  for  the  trouble.  The  machine  I  had  out  there 
had  a  capacity  of  about  fifteen  hundred  tons  of  material  for  ten 
hours,  with  a  twelve  horse  power  engine  lifting  it  eight  feet  high.  Of 
course,  I  cannot  speak  now  of  its  efficiency  as  a  regular  dredge.  I  am 
simply  speaking  of  the  idea  which  I  had  and  carried  out  of  cutting 
a  swath  from  the  side  of  the  bank,  washing  it  on  the  copper  plates 
and  carrying  it  from  the  copper  plates  still  higher,  and  throwing  it 
upon  the  bank  or  into  the  river.  The  system  was  intended  to  go 
right  on  clown  the  bank,  cut  that  twenty-six  feet  of  bank  down 
and  dump  it  into  the  river;  and  when  we  had  dumped  into  the 
river  what  we  could  reach,  then  simply  lifting  it  upon  the  bank. 
As  I  said  before,  I  did  not  carry  it  out  far  enough  to  give  me  any 
data  as  to  the  desirability  of  that  means  for  deep  dredging;  but  I 
should  say  it  would  be  a  very  satisfactory  way  of  dealing  with  the 
question  in  many  cases. 

I  would  further  say,  that  instead  of  using  packing  rings  of  any 
kind,  or  attempting  in  any  way  to  guard  against  the  entrance  of 
dust,  I  used  wooden  bushings  in  all  the  boxes  of  my  machinery, 
and  I  think  there  is  a  great  deal  less  wear  by  using  wood  than  by 
using  any  metal.  Of  Course  there  will  be  a  great  deal  of  squealing 
and  all  that  sort  of  thing  that  one  must  endure,  but  it  does  not  cut 
the  shaft  as  metal  boxes  would  do. 

.)//-.  H.  R.  Towne. — For  more  than  twenty  years  I  happen  to 
have  had  a  great  deal  of  familiarity  with  dredging  machinery,  and 
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to  have  had  some  connection  with  one  of  the  larger  dredging  com- 
panies in  this  country ;  the  subject  is  therefore  of  great  interest  to 
me.  The  endless  bucket  dredge  has  always  been  more  or  less  used 
in  England  ;  never  largely  used  here.  There  was  one  used  on  the 
Delaware  River  twenty-five  years  ago,  but  it  never  worked  effi- 
ciently, and  was  abandoned.  The  statement  Mr.  Robinson  has 
made  as  to  the  need  of  improvement  of  details  in  this  matter, 
probably  accounts,  to  a  great  extent,  for  the  failure  of  the  few  ma- 
chines of  this  kind  that  have  been  tried  here.  Obviously,  with  the 
endless  bucket  dredge,  the  working  parts  are  carried  clear  down  to 
the  bottom,  where  they  are  exposed  to  mud,  sand,  and  grit,  and 
are  liable  to  rapid  deterioration  accordingly ;  whereas,  with  the 
grapple  dredge  of  ordinary  construction,  the  parts  that  have  .to 
move  upon  themselves  are  in  the  upper  part  of  the  bucket,  and 
their  motions  are  slow  as  compared  with  those  of  the  endless-chain 
dredge.  But  for  all  that  there  are  reasons,  in  my  opinion,  why 
the  dredge  on  this  system  of  an  endless  chain  of  buckets  has  its 
limitations  of  use,  and  I  question  whether  it  will  ever  displace  the 
dredges  of  other  construction  for  much  of  the  work  that  is  to  be 
done.  For  its  best  efficiency  a  machine  of  this  kind  requires  large 
size.  Much  of  the  work  that  we  have  to  do  about  our  cities  is 
small  in  each  item,  even  if  large  in  the  aggregate  ;  dredges  are 
required  to  go  into  docks  and  slips,  and  to  clean  out  the  accumula- 
tion of  mud  there,  and  in  my  opinion,  for  that  purpose,  the  grapple 
or  bucket  dredge  has  advantages  over  the  endless-chain  system. 

I  question  somewhat  the  correctness  of  Mr.  Robinson's  assump- 
tion, that  the  cost  of  lifting  the  work  is  so  widely  different  in  the 
two  systems  as  he  states  it  to  be.  I  think  he  is  in  error  in  this 
respect,  although  I  admit  the  correctness  of  the  theory  stated  in  his 
paper,  that  the  cost  should  differ  because  the  parts  are  balanced 
bere  while  they  are  unbalanced  in  the  other  machine.  His  figures 
of  the  actual  horse-power  required  in  this  case,  and  my  knowledge 
of  the  actual  horse-power  used  in  the  other  machines,  are  such  as  to 
show  that  the  difference  is  not  so  great  as  theory  would  seem  to 
indicate. 

Mr.  A.  W.  Robinson* — While  it  cannot  be  said  that  any  single 
dredging  machine  is  suitable  for  all  purposes,  or  capable  of  working 
to  the  same  advantage  under  all  circumstances,  observation  of  work 
done  by  the  endless  chain  system,  shows  that  it  covers  most  of  the 


*  Added  since  the  meeting,  under  the  rules. 
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ground  included  by  the  various  other  types  of  dredging  apparatus, 
and  that  as  a  marine  dredge  it  reaches  its  best  efficiency  when  the 
volume  of  material  is  large,  and  the  space  not  too  confined.  In  its 
improved  form  it  is,  however,  being  used  in  many  other  ways  for 
special  purposes,  such  as  embankment  and  levee  building,  dry 
excavation,  drainage  canals,  irrigating  ditches,  and  street  trenching 
for  gas  and  water  pipe. 

With  regard  to  Mr.  Towne's  remarks  as  to  the  relative  expendi- 
ture of  power  in  the  clam-shell  or  grapple  and  the  chain-bucket 
dredge,  it  is  freely  admitted  that  there  are  examples  of  the  former 
that  in  very  favorable  work  will  do  better  than  the  single-bucket 
machine  instanced  in  the  paper,- and  wliich  he  probably  had  in  his 
mind.  There  are  also  better  machines  of  the  chain-bucket  class, 
and  the  comparison  was  made  between  two  actual  examples,  not 
under  the  most  favorable  conditions,  but  fairly  representative  of 
their  average  w*rk. 

In  regard  to  the  wooden  bearings  in  the  machine,  referred  to  by 
Mr.  Hill,  it  appears  to  be  a  special  case.  Soft  bearings  do  not 
wear  the  pin  much,  but  such  bearings  require  frequent  renewal. 
The  mere  cost  of  renewing  the  worn  parts,  even  in  steel,  would  be 
comparatively  small  were  it  not  for  the  cost  of  the  delay  caused  in 
replacing  them.  Consequently  the  case  is  only  satisfactorily  met 
by  a  construction  which  will  be  reasonably  permanent  and  durable 
under  the  extremely  heavy  service  which  such  machinery  is  called 
upon  to  perform. 
9 
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STRENGTH    OF   SHAFTING    SUBJECTED    TO  BOTH 
TWISTING  AND  BENDING. 

AN  ACCOUNT  OF  THE  WORK  DONE  UPON  THIS  SUBJECT  IN  THE  LABORA- 
TORY OF  APPLIED  MECHANICS  OF  THE  MASSACHUSETTS  INSTITUTE  OF 
TECHNOLOGY. 

BY    GAETANO    LANZA,   BOSTON,   MASS. 

(Member  of  the  Society.) 

The  rules  used  by  mechanical  engineers  to*  determine  the 
strength  of  shafting  are  based  upon  experiments  on  simple  torsion 
or  on  bending  only,  and  no  experimental  work  has  been  done,  so 
far  as  the  writer  knows,  upon  a  combination  of  the  two.  Never- 
theless it  is  a  fact  that  by  far  the  greater  number  of  shafts  in  use 
are  subjected  to  a  combination  of  twisting  and  bending,  the  former 
being  due  to  the  work  transmitted,  and  the  latter  to  the  pull  of  the 
belts  in  the  case  of  head  or  line  shafting,  or  to  the  pressure  on  the 
crank-pin  in  the  case  of  crank-shafts,  or  the  shock  of  the  water  in 
the  case  of  propeller  shafts. 

Under  certain  circumstances  the  bending  may  have  the  greatest 
influence,  while  the  twisting  may  be  predominant  in  others,  or 
their  influence  may  be  equally  divided.  Which  of  these  is  the  case 
will  depend  upon  the  location  of  the  hangers  and  of  the  pulleys, 
the  width  of  the  belts,  etc.,  etc. 

As  to  the  formulae  which  take  into  account  both  twisting  and 
bending,  there  are  two,  both  of  which  are  based  upon  the  theory  of 
elasticity.  The  first,  which  is  the  most  correct  from  a  theoretical 
point  of  view,  is  that  given  by  Grashof  and  other  writers  on  the 
theory  of  elasticity,  and  is 

where 

Mt  =  greatest  bending  moment; 
M2  =  greatest  twisting  moment; 
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r  =  external  radius  of  shaft ; 

1=  moment  of  inertia  of  section  about  a  diameter ; 

f  =.  greatest  allowable  stress  at  outside  fiber; 

m  =  a  constant  depending  on  the  nature  of  the  material. 

If,  as  is  usually  done  for  iron  and   steel,  we  make  ra  =  4  we 
obtain 

The  other  formula,  which  is  also  based  upon  the  theory  of  elas- 
ticity, but  which  is  not  as  correct,  is  that  given  by  Rankine,  and  is 


/=2t|J/i  +  I/j/i2+  MA' 


While  these  formulae  are  the  only  ones  that  take  both  twisting 
and  bending  into  account,  they  are  not  very  generally  used,  being 
recommended  by  some  engineers  for  use  in  crank  shafts  and  pro- 
peller shafts  of  marine  engines,  while  they  are  seldom  used  else- 
where. 

The  formulae  in  general  use  for  line  shafting  and  head  shafting 
are  most  commonly  those  taking  into  account  the  twisting  only, 
and  the  constants  for  these  formulae  are  those  deduced  from  experi- 
ments upon  pure  torsion.  Of  this  nature  are  the  following  for- 
mulae given  by  Professor  Thurston: 

For  head  shafts  well  supported  against  springing, 

xxr         i  .  •           7      a  A 25  H^      n  1 i      n  a  •  7      t/7l$Hl> 

\\  rough t  iron,  a  =  y  ^ Cold  rolled  iron,  d  =  y  — ^ —  ■ 

For  line  shafting,  hangers  8  feet  apart, 


Wrought  iron,  d  =  y  — ^—  •       Cold  rolled  iron,  d  =  y  — TT~' 


For  transmission  simply,  no  pulleys 


w         w-           7      aV^SHP      nil      ,,    ,  .  7      // 85  HP 

Wrought  iron,  d  —  y    t? Cold  rolled  iron,  d  =  y  — ^ — ■ 

All  such  rules  are  based  upon  the  torsion  only,  and  the  different 
constants  are  determined  by  using  a  factor  of  safety  to  make  up  for 
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the  bending  to  which  the  shaft  is  liable  to  be  subjected.  On  the 
other  hand,  some  rules  are  given  for  the  proper  distance  between 
hangers,  etc.,  which  are  based  upon  transverse  strength  only.  Thus 
Unwin  gives  the  direction,  1.  That  the  axle  must  be  calculated  as 
a  beam  to  bear  the  weight  of  the  pulley  and  the  belt-pull  that  is  to 
come  upon  it ;  2.  For  shafting  transmitting  power  and  subject  to 
torsion  onlv,  he  gives 

where  ft  =  3.294  for  wrought  iron,  and  2.877  for  steel. 

Rules  are  also  given  that  the  deflection  under  the  belt-pulls 
should  not  exceed  y^Vo"  °f  the  distance  between  hangers,  this  deflec- 
tion being  calculated  by  the  ordinary  rules  for  transverse  strength 
only. 

Returning  now  to  the  formulae  for  combined  twisting  and  bend- 
ing, given  bv  G  rash  of  and  Rankine,  it  is  to  be  observed  that  the  con- 
stants  used  in  them  are  such  as  have  been  deduced  from  pure  ten- 
sion experiments,  and  not  from  experiments  on  a  combination  of 
twisting  and  bending,  which  last  is  what  should  be  done  if  they  are 
to  be  used  with  confidence. 

"With  a  view  to  determine  the  behavior  of  shafting  under  such 
a  combination  of  conditions  by  actual  experiment,  suitable  machin- 
ery has  been  put  up  in  my  laboratory  of  applied  mechanics,  and 
the  investigation  has  been  commenced.  The  object  of  this  paper  is 
to  give  you  an  account  of  the  method  of  procedure,  of  the  machin- 
ery used,  and  of  the  few  results  thus  far  obtained,  together  with 
such  few  conclusions  as  these  results  will  warrant,  and  to  invite 
any  comments  or  criticisms  which  you  may  be  pleased  to  make  in 
regard  to  the  tests. 

The  principal  points  of  the  method  of  procedure  are  the 
following,  viz. : 

1st.  The  shaft  under  test  is  in  motion,  and  is  actually  driving  an 
amount  of  power  which  is  accurately  weighed  on  a  Prony  brake. 

2d.  A  transverse  load  is  applied  which  may  be  varied  at  the 
option  of  the  experimenter,  and  which  is  weighed  on  a  platform 
scale. 

3d.  It  is  intended  to  adjust  the  proportion  between  the  torsional 
and  transverse  loads  to  correspond  with  the  proportion  between  the 
power  transmitted  and  the  belt-pull  sustained  by  a  shaft  in  actual 
u^e. 
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4th.  Tests  are  made  not  only  of  breaking  strength  but  also  the 
angle  of  twist  and  the  deflection  under  moderate  loads  are  meas- 
ured. 

5th.  With  our  present  machinery  the  largest  shafts  which  we  can 
break  are  those  of  1.5  inch  diameter,  but  the  machinery  can  be 
easily  enlarged  so  as  to  use  larger  shafts. 

The  machinery  used  will  be  made  plain  by  the  accompanying 
cut  (Fig.  37),  a  part  of  it  being  some  that  was  used  by  Mr.  George 
Billings  in  some  experiments  which  he  made  on  the  repeated  bend- 
ing of  shafts  under  a  transverse  load. 

In  this  illustration  B  is  the  shaft  under  test,  the  power  is  obtained 
from  another  shaft  on  the  right,  and  is  transmitted  to  this  test  shaft 
through  the  double  Hooke's  joint  C  on  the  right,  and  then  the 
power  is  transmitted  from  B  to  the  Prony  brake  G,  through  the 
double  Hooke's  joint  C  on  the  left. 

The  power  transmitted,  and  hence  the  twisting  moment,  is  de- 
termined by  means  of  the  weights  at  the  end  of  the  brake  lever 
and  the  readings  of  the  revolution  counter  D. 

The  boxes  in  which  the  experimental  shaft  runs  are  marked  E 
in  the  figure,  and  rest  upon  the  casting  H  which,  in  its  turn,  rests 
on  the  platform  scale  and  is  separate  and  distinct  from  the  rigid 
frame  F,  which  latter  is  firmly  fastened  to  the  floor  of  the  labora- 
tory. 

It  follows  that  any  weight  resting  upon  the  shaft  B,  or  the 
pulley  JV,  which  is  on  this  shaft,  is  weighed  directly  on  the  scale; 
the  flexibility  furnished  by  the  double  Hooke's  joints  render  it 
possible  to  determine  the  weight  on  the  shaft.  The  transverse 
load  is  applied  by  screwing  down  the  screws  S,  thus  pressing  down 
the  boxes  of  the  upper  shaft,  and  causing  the  pulley  M  to  press 
against  the  pulley  JV,  and  thus  load  the  shaft  transversely.  In 
making  an  experiment  upon  breaking  strength,  the  transverse  and 
the  torsional  loads  are  adjusted  at  the  option  of  the  experimenter, 
and  then  the  shaft  is  run  until  fracture  occurs,  which  almost  in- 
variably takes  place  at  the  point  where  the  pulley  N  is  attached. 
If  the  loads  applied  are  too  small  to  cause  fracture  they  are  in- 
creased and  the  shaft  run  until  fracture  occurs.  The  apparatus  for 
determining  the  angle  of  twist  under  moderate  loads  requires  a 
more  detailed  explanation,  and  this  will  be  deferred  until  after 
the  account  of  the  results  of  the  breaking  tests. 

It  has  been  made  very  plain  by  these  tests,  that  in  order  to 
deduce  any  conclusions  of    value  the    time  occupied  in  breaking 
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must  be  taken  into  account;  i.  e.  the  load  required  to  break  the 
6haft  is  very  much  smaller  if  sufficient  time  be  allowed  for  it  to 
operate,  say  30  or  10  hours,  than  if  we  are  required  to  break  it  in 
a  short  time,  say  one  hour. 

The  mode  of  conducting  an  experiment  is  as  follows : 

1st.  Decide  upon  the  amount  of  horse-power  to  be  transmitted, 
and  the  transverse  load  to  be  used,  and  adjust  the  brake  and  the 
screws  S  so  as  to  realize  them  approximately. 

2d.  Set  the  shaft  in  motion,  and  let  it  run,  keeping  the  boxes 
oiled,  until  it  breaks,  noting  the  time  required  to  break  it. 

3d.  If  it  finally  breaks,  then,  in  making  the  next  experiment, 
diminish  the  loads  and  run  it  for  a  longer  time,  continuing:  this 
process  until  we  ascertain  what  is  the  smallest  load  which  will  break 
the  shaft  by  allowing  sufficient  time. 

4th.  The  question  next  arises,  What  is  absolutely  the  least  load 
which  will  break  the  shaft  ?  This,  of  course,  requires  a  large  number 
of  experiments;  and  I  cannot  say  that  we  have  yet  reached  this 
determination. 

The  following  table  will  give  the  results  of  the  tests  on  iron 
shafts,  and  they  will  then  be  discussed  : 
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Two  specimens  of  the  1".25  shafting;  and  two  of  the  1"  were 
tested  for  tension,  the  results  being  as  follows  : 

Breaking  strength 
per  square  inch. 

(No.  1 , 46,800 

1' .25  diameter,  j  No  2 498(35 

Average 48,333 

(  No.  1 58,687 

1"       diameter.  |  Nq   3 61>813 

Average 60,250 

As  to  conclusions. 

1st.  It  is  plain  from  these  results  that  a  shaft  whose  size  is  deter- 
mined by  means  of  the  results  of  a  quick  test  would  be  too  weak, 
and  that  our  constants  should  be  obtained  from  tests  which  last  for 
a  considerable  length  of  time. 

2d.  A  perusal  of  the  tables  will  show  that  the  results  obtained 
apply  more  to  the  bending  than  to  the  twisting  of  a  shaft,  as  the 
transverse  load  used  in  these  tests  was  so  large  compared  with  the 
twist  as  to  exert  the  controlling  influence.  This  will  be  plain  by 
a  comparison  of  the  values  of/i  f*,  and/". 

3d.  Nevertheless,  a  comparison  of  the  fifth  column  with  the  last 
two  will  show  that  the  bending  moments  actually  used  were  gener- 
ally less  than  such  as  might  easily  be  realized  in  practice  with  the 
twisting  moments  used. 

4th.  It  seems  fair  to  conclude  that,  in  the  greater  part  of  cases 
where  shafting  is  uped  to  transmit  power,  as  in  line  shafting  or 
in  most  cases  of  head  shafting,  the  breaking  is  even  more  liable 
to  occur  from  bending  back  and  forth  than  from  twisting,  and 
hence,  that  in  no  case  ought  we  to  omit  to  make  a  computation  for 
the  bending  of  the  shaft  as  well  as  the  twist. 

5th.  As  to  the  precise  value  of  the  greatest  allowable  outside 
fiber  stress  to  be  used  in  the  Grashof  formula,  it  is  plain  that  it  is 
not  correct  to  use  a  value  as  great  as  the  tensile  strength  of  the 
iron,  and  while  the  tests  show  that  this  figure  should  not  for 
common  iron  exceed  40,000  lbs.  per  square  inch,  it  is  probable  that 
tests  where  a  longer  time  is  allowed  for  fracture  will  show  a 
smaller  result  yet. 

6th.  Another  matter  of  interest  to  note  is,  that  we  have  a  par- 
allel to  these  tests  in  the  experiments  of  Woliler.  His  experiments 
were  made  by  subjecting  the  shaft  to  bending  back  and  forth  with- 


138    STRENGTH   OF   SHAFTING  SUBJECTED   TO   TWISTING  AND   BENDING. 

out  adding  any  twist.  He  found  for  good  wrought  iron  a  value 
for  the  breaking  strength  per  square  inch,  under  a  continued  repe- 
tition of  stress,  of  about  32,000  lbs.  per  square  inch. 

Perhaps  further  experiments  may  lead  to  a  value  as  low  as  this 
for  greatest  allowable  fiber  stress  per  square  inch ;  at  any  rate,  it 
would  be  more  prudent  to  use  this  value  than  a  value  equal  to  the 
tensile  strength. 

TWIST   UNDER   MODERATE   LOADS. 

Next,  as  to  twist  under  moderate  loads,  the  results  give  us  the 
modulus  of  elasticity  for  torsion.  The  results  will  be  given  first, 
and  afterward  the  apparatus  will  be  described.  The  values  were 
obtained  from  experiments  on  1"  shafts,  and  are  as  follows  : 

No.  of  Test. 

18 11,268,588 

19 9,979,319 

20 15,911,690 

21 12,169,442 

22 12,221,239 

23 11,943,088 

24 11,293,188 

25 12,878,875 

26 13,410,870 

9)111,076,299 
12,341,811 

The  tensile  modulus  of  elasticity  of  this  shafting,  as  determined 
by  experiment,  was  29,008,621  pounds  per  square  inch. 

The  theory  of  elasticity  gives  the  shearing  modulus  of  elasticity 
as  two-fifths  the  tensile  or  f  (29,008,621)  =  11,603,448,  which  is  not 
far  from  the  average  value  found  by  experiment. 

APPARATUS  FOR   MEASURING   TWIST. 

The  apparatus  for  measuring  the  angle  of  twist  under  moderate 
loads  was  devised  mainly  b}7  Mr.  Theodore  B,.  Foster,  one  of  the 
graduates  of  the  class  of  1S86,  who  took  the  subject  of  shafting  for 
his  graduating  thesis.     A  brief  description  will  now  be  givm  of  it. 

The  disks  Tx  and  T2  are  made  of  brass,  and  each  is  in  two  pieces, 
so  that  they  may  be  easily  put  on  or  removed  from  the  shaft. 
They  are  placed  on  bushings  which  can  be  adapted  to  1£  inch 
shafts  or  under.  Each  busbing  has  eight  set  screws  for  centering 
the  disk  on  different  sized  shafts.  Each  disk  has  a  boss  at  the 
center  turned  down  to  form  a  bearing;  on  the  disk  Zi  for  two 
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wrought-iron  arms,  and  on  the  disk  T2  for  one.  One  of  the  arms 
on  Tx  carries  a  brass  brush  pointed  with  platinum,  which  presses 
against  the  circumference  of  the  disk  as  it  revolves,  and  so  also  the 
arm  on  T«  carries  another  brush  fixed  in  the  same  manner.  The 
second  arm  on  Tx  carries  a  tangent  screw  which  presses  against  the 
arm  with  the  brush.  The  arms  are  kept  from  revolving  by  suit- 
able stops  fixed  in  the  frame  while  the  disks  revolve  under  the 
brushes.  The  two  brushes  are  insulated  from  the  arms,  but  con- 
nected with  each  other  by  a  wire,  a  battery  and  a  telephone  being 
placed  in  the  circuit.  The  circumferences  of  the  disks  are  made 
of  rubber,  except  that  at  one  point  in  each  circumference  a  thin 
piece  of  platinum  is  let  into  the  rubber  connected  with  the  me- 
tallic portion  of  the  disk,  the  circuit  being  completed  through  these 
pieces  of  platinum,  the  disks,  and  the  shaft,  so  that  if,  in  the  revo- 
lution, the  two  brashes  strike  their  respective  pieces  of  platinum  at 
the  same  instant,  there  is  a  current,  and  consequently  a  ticking  in 
the  telephone ;  whereas,  if  they  do  not  strike  at  the  same  instant 
there  is  no  current,  and  hence  no  sound  in  the  telephone. 

The  manner  of  using  the  apparatus  is  as  follows  :  Start  up  the 
shaft  with  a  very  small  load  on  the  brake,  screw  the  tangent  screw 
until  a  ticking  occurs  in  the  telephone,  and  measure  (with  a  microm- 
eter caliper)  the  distance  apart  of  two  metallic  points  which  are 
fixed  in  the  arms  for  that  purpose  at  the  same  distance  from  the 
center.  Next,  put  the  desired  load  on  the  brake,  and  again  screw 
the  tangent  screw  until  ticking  occurs  in  the  telephone,  and  again 
measure  the  distance  apart  of  the  same  two  points.  The  differ- 
ence of  the  angles  corresponding  to  these  two  chords  gives  the 
angle  of  twist  corresponding  to  the  difference  of  the  two  loads 
on  the  brake. 

In  closing  this  paper  I  must  apologize  for  the  meagerness  of  the 
results  obtained  thus  far,  hoping  that  what  little  has  been  done 
may  prove  of  some  interest. 

DISCCSSIOX. 

Mr.  Wm.  Kent. — I  know  of  an  experience  in  Pittsburg  some 
years  ago,  which  confirms  Professor  Lanza's  statement,  that  a 
shaft  will  break  under  repeated  strains  where  it  may  not  break 
under  one  strain.  In  feeding  tables  for  a  rolling-mill,  where  the 
main  shaft  driving  the  table  was  subjected  to  twisting  strains 
in  reverse  directions,  that  shaft  would  generally  have  a  life  of 
about  six  months,  and  when  it  broke,  it  broke  like  a  broom.     The 
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fibers  expanded  out  like  a  brush  on  both  sides,  and  came  apart  in 
that  way.     It  was  wrought  iron. 

Mr.  G.  C.  Henning. — I  think  the  ground  is  very  well  covered  by 
Mr.  Baker's  paper  which  we  will  hear  soon.  In  it  is  taken  up  the 
case  of  Woehler's  experiments,  but  he  has  not  only  duplicated  them, 
but  gone  far  beyond  in  comparing  soft  steel,  mild  steel,  and  wrought 
iron,  and  he  there  shows  that  it  is  not  alone  tensile  strength  or 
elastic  limit  which  determines  the  life  of  shafts  subject  to  torsional 
and  bending  strains,  but  it  is  the  repetition  of  distortions  which 
affects  them  most  seriously.  This  case  of  a  rolling-mill  shaft  is  pre- 
cisely the  same  thing ;  as  a  rule  our  designs  for  members  used  in  that 
way  have  been  entirely,  not  to  say  erroneous,  but  such  as  to  indicate 
that  we  have  designed  them  on  the  basis  of  ultimate  strength,  in- 
stead of  on  the  capacity  for  doing  work.  The  life  of  such  mem- 
bers depends  on  something  else,  which  we  have  n'ot  yet  found  out. 
It  depends  on  the  effect  of  superposition  of  strains,  even  if  they  are 
within  the  elastic  limit. 

Mr.  J.  T.  Hawkins. — I  would  like  to  mention  one  or  two  instances 
which  happened  within  the  last  three  months  in  my  experience,  and 
which  go  to  substantiate  Professor  Lanza's  position  as  to  the  bend- 
ng  strains  on  shafting  tending  to  their  rupture  more  than  twisting 
strains.  Within  my  knowledge,  within  the  last  three  months  a  two- 
neh  steel  shaft  has  broken  in  the  same  place,  and  within  the  hub 
of  the  pulley,  which  would  be  very  strong  proof,  I  think,  that  it 
?ould  not  in  that  case  have  been  caused  to  any  considerable  extent 
jy  twisting.  It  would  certainly  be  due  to  the  strain  of  the  belt  in 
producing  transverse  stress  on  the  shaft.  The  fractures  occurred 
in  the  same  shaft  in  the  same  building,  and  very  near  the  same 
place,  twice  within  about  three  months — a  two-inch  steel  line  shaft. 

Mr.  T.  8.  Crane. — It  seems  to  me  important  to  have  the  attention 
}f  engineers  called  to  the  effect  of  this  lateral  strain  and  torsion. 
I  had  an  experience  once  where  I  had  to  put  the  pulley  to  receive 
the  entire  power  of  the  engine  on  a  four-inch  shaft,  and  I  could  not 
get  a  hanger  near  that  pulley.  I  expected  to  have  trouble  with  it, 
but  it  ran  for  two  years,  and  then  the  shaft  broke  off  just  within  the 
edge  of  the  pulley.  It  broke  with  a  brittle  fracture,  showing  that 
the  effect  of  the  two  strains  had  been  to  crystallize  the  iron.  I  did 
not  think  it  would  run  as  long  as  it  did.  The  shaft  was  ready,  and 
there  was  a  great  pressure  to  get  the  factory  started,  and  there  was 
no  time  to  get  a  larger  shaft.  When  it  was  replaced  it  was  replaced 
with  ;i  larger  shaft,  and  no  further  trouble  arose. 
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Mr.  C.  C.  Hill. — Some  years  ago  I  had  experience  in  establishing 
a  friction  *  plant  for  a  large  saw-mill,  where  the  pressure  on  what  we 
call  the  counter-shafts  was  large,  greater  than  is  usually  put  on 
belted  shafts.  I  found  the  same  difficulty  there  with  shafts.  The 
shafts  were  very  much  larger  than  for  ordinary  transmissions  of  a 
like  amount  of  power,  but  we  could  not  run  them  many  months  or 
years  without  their  breaking  right  off  close  to  the  pulley. 

Mr.  H.  E.  Towne. — I  wish  to  make  a  few  comments  on  this 
paper,  as  the  subject  is  one  that  interests  me  ;  and  in  the  first  place  I 
cannot  refrain  from  expressing  the  gratification  which  I  think  we  all 
feel  that  our  transactions  are  growing  to  include  so  much  more  of 
original  investigation.  Each  of  our  recent  volumes  has  contained 
more  or  less  of  it,  and  obviously  the  value  of  our  transactions,  to 
ourselves  and  to  the  world,  will  increase  in  proportion  to  the 
amount  of  this  original  work  which  is  done.  Professor  Lanza  tells 
us  that  he  has  just  commenced  this  line  of  investigation,  and  it  is 
certainly  to  be  hoped  that  he  will  continue  it  in  the  direction  in 
which  he  has  started. 

I  wish  to  set  forth  a  few  points  which  can  be  properly  considered 
in  pursuing  it.  In  the  first  place,  the  tests  which  have  been  made 
have  been  such  as  to  result  in  the  destruction  of  the  shaft.  In 
practice  we  do  not  intend,  when  designing  a  shaft,  that  it  shall  be 
destroyed,  and  I  conceive  that  the  conditions  obtaining  in  a  shaft 
which  is  subjected  to  such  strains  as  to  destroy  it  within  a  few 
hours  or  days  may  be  different  from  those  obtaining  in  a  shaft  sub- 
jected to  ordinary  conditions,  where  it  is  intended  to  endure  per- 
manently. It  is  to  be  hoped  that  the  series  of  experiments  will 
include  tests  of  shafts  under  conditions  approximating  to  those  of 
ordinary  practice.  Xow,  in  connection  with  such  tests,  one  of  the 
points  of  interest  is  to  determine  by  experiment  whether  it  is  right, 
in  calculating  the  stresses  upon  a  shaft  subjected  to  both  bending 
and  torsion,  to  assume  that  they  are  equal  to  the  sum  of  the  stresses 
resulting  from  each  of  the  two  strains  taken  independents,  or 
whether  the  two  coexisting  stresses  act  upon  one  another  to  modify 
either;  this  is  an  unsettled  question,  experimentally  at  least,  and 
an  important  one  to  know.  That  is,  having  a  shaft  which  we  know 
is  expected  to  transmit  a  given  amount  of  power  by  torsion,  and 
knowing  the  strains  existing  in  it  by  reason  of  the  work  thus  done, 
are  we  to  assume  that  subjecting  that  same  shaft  simultaneously  to 
a  bending  strain  augments  the  stresses  in  it  exactly  in  proportion 
*  Transmitting  by  friction  gearing  instead  of  belts. 
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to  the  bending,  or  does  the  fact  that  the  two  loads  are  co-existent 
serve  to  modify-  the  stresses  in  any  way  ? 

One  other  question  in  connection  with  this  is,  I  think,  particu- 
larly important.  A  long  shaft  transmitting  power  becomes  one  of 
the  best  possible  kinds  of  springs.  Many  of  us  know  that  a  long 
rod  of  metal  subjected  to  twisting  or  torsion  gives  us  a  beautiful 
spring  action.  We  have  had  our  attention  called  this  morning 
to  the  fact  that  the  transmission  of  power  by  gears  is  liable  to 
result  in  intermittent  impulses.  We  know  that  to  be  the  case. 
I  have  recently  had  occasion  to  consider  the  case  of  a  shaft  trans- 
mitting considerable  power,  where  I  discovered  that  if  a  short 
length  of  the  shaft  was  used,  a  perfectly  steady  and  smooth  action 
was  obtained  ;  whereas  if  the  shaft  had  considerable  length,  the 
action  became  irregular  and  pulsating,  and  without  taking  time  to 
tell  you  how  I  conducted  the  investigation,  I  satisfied  nryself  that 
the  cause  of  the  irregularity  was  a  pair  of  bevel  gears,  through 
which  power  was  transmitted  to  the  shaft.  Now,  let  us  take  two 
springs  each  composed  of  a  piece  of  flat  steel,  and  first  examine 
the  one  that  is  shortest,  which  is  supposed  to  be  clamped  at 
one  end  into  a  solid  block  of  metal  and  to  project  freely  from 
it.  If  I  apply  a  given  power  to  the  end  of  the  spring,  so  as 
to  bend  it,  and  then  release  it,  the  spring  will  fly  back  and  will 
vibrate  several  times,  but  will  quickly  come  to  rest.  If  I  apply 
the  same  amount  of  power  to  the  longer  spring,  it  will  give  the 
same  moment  at  the  same  point,  but  on  releasing  this  spring  it  will 
vibrate  very  much  longer  than  the  other.  The  reason  for  this,  if 
we  think  a  moment,  is  the  inertia  of  the  parts,  or  more  properly 
their  momentum.  This  is  still  more  the  case  in  long  shafting,  be- 
cause we  have  a  spring  consisting  in  that  case  of  a  shaft  subjected 
to  torsion,  on  which  we  have  put  more  or  less  dead  load  in  the 
shape  of  pullies  and  other  weights,  which  frequently  give  us  a  very 
considerable  amount  of  material  in  motion.  Conceive  of  the  shaft 
first  as  at  rest,  and  of  considerable  length,  and  the  power  as  applied 
to  one  end.  The  inertia  of  the  parts  tends  to  keep  them  at  rest 
until  an  angle  of  torsion  is  developed  sufficient  to  set  the  whole 
shaft  in  motion.  Now  our  power  is  quite  frequently  more  or  less 
intermittent.  When  the  inertia  of  the  whole  shaft,  or  of  the  parts 
at  its  far  end,  is  overcome,  they  are  set  in  motion  ;  then  a  recovery 
takes  place,  and  thus  is  established  a  vibration,  which  certainly  must 
in  some  way  involve,  as  one  of  its  factors,  the  amount  of  matter  in 
motion — in  other  words  the  momentum  of  the  parts.     So  far  as  my 
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reading  extends,  I  have  not  noticed  any  discussion  of  this  subject  in 
connection   with  shafting,  and  I  consider  it  a  practical  question. 
The  ordinary  formulas   for  determining  the  size  of  such  shafts 
usually  adopt  some  arbitrary  limiting  angle  for  the  angle  of  torsion. 
D.  K.  Clark  gives  it  in  his  manual  (and  I  think  it  is  taken  by  him 
from  older  authorities),  as  one  degree  for  each  twenty  diameters  of 
length  of  shaft.     The  correctness  of  that  formula  is  based  on  the  as- 
sumption that  we  shall  not  get  a  greater  amount  of  this  action  which 
I  have  just  described  in  one  length  than  another,  or  at  least  that  it 
will  be  directly  proportionate.     Practice,  however,  shows  that  this 
is  not  the  case,  but  that,  as  we  lengthen  our  shaft,  after  we  have 
passed  a  certain  point,  with  such  conditions  as  these,  vibration  can 
be  set   up,  and  that  the  vibratory  action  is  very  objectionable  in 
most  cases.     It  is  to  be  hoped,  therefore,  that  the  line  of  experi- 
ment which  has  been  commenced  may  include  considerations  of 
these  conditions,  which  exist  in  actual  practice.     Incidentally,  I 
may  remark  in  closing,  that  I  had  occasion  recently  to  test  for  tor- 
sion a  shaft  two  inches  square,  of  cold  rolled  steel,  which  had  been 
turned  down  at  three  points  to  form  bearings,  the  bearings  however 
being  the  full  diameter  of  the  sides  of  the  shaft,  that  is  to  say,  two 
inches  in  diameter,   without  reducing   the  diameter,  the   corners 
being  merely  taken  off.     The  shaft  was  some  twenty  feet  long,  and 
the  tests  were  made  at  two  points,  one  of  them  involving  a  length 
of  shaft  of  twenty  feet  subjected  to  torsion,  the  other  of  half  that 
length.     The  result  showed  practical  agreement  with  the  ordinary 
formula,  except  some  discrepancy  as  to  the  angle  of  torsion  being 
directly  as  the  length  of  the  shaft,  of  which  I  am  not  yet  quite 
satisfied,  and  intend  to  pursue  further.     As  a  matter  of  record  it  is 
perhaps  worthy  of  note  that,  taking  Clark's  formula  for  the  limiting 
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conditions,  D  =  ^on  7  *'  ~®  being  the  angle  of  torsion  in  frac- 
tions of  a  circle,  limited,  as  I  said  before  to  one  degree  in  each  20 
diameters  of  length,  IF  being  the  weight  in  pounds,  R  the  radius 
in  feet,  L  the  length  of  shaft  in  feet,  and  d  the  diameter  in  inches, 
he  gives  the  above  numerical  factor  for  wrought  iron,  and  in  another 
place  gives  figures  showing  that  the  corresponding  factor  for  steel 
would  be  about  33,000.  Applying  the  formula  to  the  actual  record 
of  the  experiment  which  I  made  gives  as  this  numerical  factor 
56,300  for  cold  rolled  steel,  as  against  about  33,000,  which  Clark 
gives  for  ordinary  steel,  showing  very  forcibly  the  value  derived 
from  cold  rolling. 
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Professor  L'inza. — I  think  the  remarks  of  the  president  are  very 
much  to  the  point,  and  I  am  very  glad  to  have  his  suggestions. 
We  have  not  thus  far  been  able  to  do  much  testing  with  the  shaft 
under  moderate  loads.  In  regard  to  the  way  in  which  the  twisting 
affects  the  ultimate  strength  of  the  shaft,  for  bending  and  vice  versa, 
we  are  trying  to  determine  how  far  we  can  depend  upon  Grashof  s 
formula:  and  our  method  of  procedure  is  as  follows.  Having 
broken  one  shaft  by  subjecting  it  to  a  certain  bending  moment, 
combined  with  a  certain  twisting  moment,  we  compute  by  Grashof  s 
formula  the  greatest  fiber  stress.  Then  if  the  formula  represents 
correctly  the  facts,  we  ought  to  be  able  to  break  another  of  the 
same  dimensions  and  material  in  the  same  length  of  time,  by  using 
a  different  amount  of  bending  moment,  and  a  different  amount  of 
twisting  moment,  so  proportioned  as  to  give  by  the  formula  the 
same  greatest  fiber  stress.  What  the  result  will  be  remains  to  be 
determined. 
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A   NEW  CONICOGRAPH. 

BT   ANDREW   C.    CAMPBELL,   BRIDGEPORT,    CONN. 

(Associate  Member  of  the  Society.) 

It  is  with  no  small  degree  of  timidity  that  the  writer  brings  to 
the  notice  of  this  society  a  new  device  for  describing  the  several 
curves  known  as  the  "  conic  sections."  Instruments  of  this  class, 
even  though  perfectly  adapted  to  the  purposes  for  which  they  are 
intended,  have  a  very  limited  use  in  many  branches  of  the  profes- 
sion, yet  the  problem  has  proven  a  fascinating  one,  and  herein  are 
presented  the  results  of  his  investigation. 

It  is  generally  understood  that  the  ellipse,  parabola,  and  hyper- 
bola may  be  drawn  with  such  simple  appliances  as  a  string,  straight- 
edge, pencil,  and  a  couple  of  pins.  Ellipsographs  by  the  score  have 
been  invented  and  patented  in  this  country,  to  say  nothing  of  the 
many  devices  for  a  like  purpose  which  were  originated  abroad,  so 
that  it  is  not  safe  to  rest  very  secure  in  the  belief  that  the  one 
herein  described  is  entirely  new,  however  original  it  may  have 
been  with  the  writer. 

The  instrument  best  known  for  describing  the  ellipse  is  the 
ellipse  trammel,  which  consists  of  a  fixed  base  plate  with  two  grooves 
iu  its  upper  surface  at  right  angles  one  with  the  other,  and  a  tram- 
mel-bar having  three  adjustable  points,  two  of  which  track  in  the 
grooves  aforesaid,  while  the  third  traces  the  curve.  This  base  plate 
is  usually  in  the  form  of  a  cross  having  equal  arms,  and  the  smallest 
ellipse  that  can  be  drawn  with  such  a  device  will  have  a  major  axis 
about  twice  the  length  of  this  cross,  and  a  minor  axis  about  one- 
half  the  major.  Its  application  to  larger  ellipses  is  also  dependent 
upon  the  size  of  this  cross,  for  we  cannot  draw  an  ellipse  with  it 
whose  major  axis  exceeds  the  minor  by  more  than  the  length  of  the 
cross.  However,  this  instrument  lias  very  many  uses,  and  the  prin- 
ciple of  it  is  applied  in  almost  all  forms  of  ellipsographs.  In  search- 
ing the  Patent-records  Index  very  many  '"Ellipsographs"  were 
found,  but  the  search  was  vain  for  parabolagraphs  and  hyperbola- 
10 
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graphs,  from  which  it  was  concluded  that  no  great  success  had 
been  achieved  in  these  directions.  For  describing  these  curves  the 
string  and  straight-edge  are  generally  resorted  to,  and  even  recom- 
mended as  the  only  "  mechanical"  means,  though  Professor  Sylves- 
ter, who  investigated  the  "  Peaucellier  cell,"  and  invented  many 
novel  uses  and  forms  of  it,  developed  a  system  of  linkages  from  it 
with  which  it  is  possible  to  describe  the  ellipse,  parabola  and  hy- 
perbola, as  well  as  other  complicated  though  definite  curves. 
Many  links  are  brought  into  action  in  his  apparatus,  but  the  result 
is  obtained  with  mathematical  exactness. 

Having  read  the  two  instructive  and  suggestive  articles  in  the 
Scientific  American  Supplement,  by  Professor  MacCord,  of  Stevens 
Institute,  in  which  he  described  two  possible  machines — one  for 
drawing  the  hyperbola,  and  another  for  drawing  the  parabola — the 
writer  became  interested  in  the  subject,  and  undertook  to  solve  the 
same  problems  mechanically,  and  by  cutting  across  lots  the  results 
aimed  at  were  obtained  in  a  comparatively  simple  manner,  and 
there  were  embodied  in  a  single  instrument  elements  which  admit 
of  such  transposition  as  to  make  it  possible  to  delineate  not  only 
the  parabola  and  hyperbola,  but  the  ellipse  as  well ;  hence  the 
name  "  Conicograph." 

I. — The  Ellipse. 

In  order  that  the  "  reasons  why  "  may  be  well  understood  it  might 
be  well  to  show  how  the  "  Gardener's  Ellipse  "  is  described  with  the 
string  and  pins,  as  this  illustrates  an  important  property  of  the 
ellipse,  namely,  that  the  sum  of  two  lines  drawn  from  the  foci  to 
meet  at  any  point  in  the  curve  is  equal  to  the  major  axis. 

Having  first  determined  upon  the  length  of  the  major  and  minor 
axes,  take  a  string  (having  a  loop  at  each  end)  of  a  length  equal  to 
the  major  axis,  and  double  it,  using  the  half  length  thus  obtained 
as  a  radius  with  which  from  one  extremity  of  the  minor  axis  as  a 
center,  describe  an  arc,  cutting  the  major  axis  in  two  points  equi- 
distant from  its  center.  AVhere  said  arc  intersects  the  major  axis 
will  be  the  foci,  and  by  securing  the  looped  ends  of  the  string  afore- 
said, one  at  each  of  these  focal  points  by  pins,  we  will  find  that 
when  the  string  is  drawn  taut  in  any  direction  with  a  marking 
point,  said  point  will  lie  on  the  curve. 

Referring  to  the  diagram,  Fig.  3S,  let  AB  be  the  major  axis 
and  CD  the  minor  axis  of  an  ellipse.     With  A  L  (half  of  AB)  as 
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a  radius  and  C  or  D  as  a  center  describe  an  arc  cutting  the  line  A  B 
at  the  foci  E  and  F,  then  C  is  a  point  in  the  curve,  since  CE  + 
CF=  AB.  If  the  marking  point  be  passed  to  the  position  G, 
and  both  parts  of  the  string  kept  straight,  the  requirements  are 
fulfilled,  and  G  is  a  point  in  the  curve,  for  E  G  +  G  F  =  AB. 

Further,  if  the  line  E  G 
be  produced,  and  G  Ii 
be  made  equal  to  G  F, 
the  whole  line  EH  will 
be  equal  to  A  B.  This  is 
true  of  course  wherever 
the  point  G  is  taken  on 
the  curve,  and  the  point 
H  will  always  lie  on  the 
circular  arc  H  h,  whose 
center  is  E,  and  whose 
radius  is  A  B.  (This  line 
might  be  called  the  direc- 
trix of  the  ellipse,  since  its  relation  to  the  curve  seems  to  be  the 
same  as  the  directrix  of  a  parabola  to  the  parabola.)  If  the  angle 
F  G  H  be  bisected  by  the  line  S  T,  said  line  will  be  tangent  to  the 
ellipse  at  the  point  G  and  will  always  be  at  right  angles  to  the 
line  F  H  which  it  also  bisects. 

In  designing  a  mechanism  which  will  preserve  these  conditions  in 
all  positions,  a  parallelogram  of  equal  links  (see  Fig.  39)  1,  2,  3  and 
4,  is  employed.  The  links  1  and  4  are  jointed  at  the  focus  F:  2 
and  3  to  one  extremity  H  of  the  adjustable  radius  bar  6  ;  3  and  4  to 
one  end  S,  of  the  tangent  bar  5,  while  1  and  2  are  jo'nted  at  T  and 
control  the  direction  of  the  end  T  of  said  tangent  bar  5.  Now  if 
the  points  E  and  F  of  this  linkage  be  located  at  the  foci  of  the 
required  ellipse  whose  major  axis  is  equal  to  E  H,  the  intersection 
of  the  lines  E  H  and  S  T  may  be  shown  to  be  a  point  in  the  ellipse. 
At  this  point  then  is  arranged  a  compound  slide  carrying  a  mark- 
ing tool  so  that  by  swinging  this  system  of  links  in  the  plane  of  the 
paper,  about  the  two  controlling  points  E  and  F,  the  circumference 
of  the  required  ellipse  will  be  traced.  As  constructed,  this  instru- 
ment will  not  describe  the  entire  ellipse  at  one  setting  (owing  to 
the  interference  of  some  of  the  parts),  so  that  after  drawing  one- 
half  of  the  figure,  the  points  E  and  F  must  be  transposed  before 
the  remaining  half  can  be  drawn.  The  size  of  the  parallelogram 
limits  the  maximum  capacity  of  the  instrument  as  an  ellipsograph 
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for  describing  closed  carves,  since  the  marking  point  G  always  lies 
within  it.  The  only  requisite  to  increase  the  maximum  capacity 
is  the  substitution  of  longer  links  in  the  parallelogram.  However, 
with    the  instrument    shown,  incomplete   ellipse   curves   may  be 


drawn  with  any  required  distance  between  the  foci,  the  limit  being 
the  length  of  the  adjustable  bar  (6)  employed.  The  minimum 
capacity  of  the  device  is  also  limited,  the  consideration  in  this  case 
being  the  least  possible  distance  obtainable  between  the  focus  F 
and  the  marking  point,  when  the  latter  is  at  that  extremity  of  the 


major  axis  which  is  nearest  the  focus  F  aforesaid.     (See  dotted 
position  in  Fig.  39.) 

In  constructing  the  instrument  shown  in  perspective  in  Fig.  40,  the 
links  of  the  parallelogram  should  be  of  some  light  stiff  material,  pref- 
erably steel,  and  substantially  jointed  at  their  extremities  to  the 
upper  end  of  four  short  supporting  pillars,  those  at  S  \H  and  T 
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terminating  at  the  base  in  the  form  of  smooth-bottomed  disks 
which  may  slide  freely  on  the  plane  upon  which  the  ellipse  is  to 
be  traced,  the  fourth  pillar  at  F  having  a  shouldered  needle-point 
in  its  lower  end  which  punctures  the  drawing  paper  in  one  of  the 
foci  of  the  required  ellipse,  and  forms  one  of  the  controlling  points 
of  the  mechanism. 

The  tangent  bar  5,  is  jointed  at  S  to  the  upper  end  of  one  of 
these  supporting  columns,  and  extends  toward  the  opposite  angle 
of  the  parallelogram,  where  it  passes  freely  through  a  slide  at  the 
top  of  the  column  T,  so  that  whatever  be  the  distance  between  the 
points  F  and  H,  the  tangent  bar  exactly  bisects  it.  The  adjustable 
link  6,  lies  in  a  plane  above  the  tangent  bar  5,  and  one  end  thereof 
is  jointed  to  the  upper  extremity  of  the  column  at  H.  Upon  this 
bar  is  placed  an  adjustable  slide  which  is  secured  in  position  by  a 
clamping  screw  entering  it  from  below,  said  screw  forming  the 
supporting  column  at  E,  which  terminates  at  the  base  in  the  form 
of  a- shouldered  needle-point.  This  slide  must  be  so  placed  along 
the  bar  6,  that  the  distance  between  the  centers  of  the  columns 
E  and  H  shall  be  equal  to  the 
major  axis  oi"  the  ellipse  to  be  . 
drawn.  By  arranging  a  scale 
on  said  bar,  the  only  setting 
required  can  be  very  readily  0. 
made. 

The  bars  5  and  6  are  made  of 
brass  tubing  in  preference  to  other 
material,  and  the  general  stabil- 
ity of  the  apparatus  might  be 
increased  by  substituting  a  stand- 
ard at  E  with  a  large  flat  base, 
and  swinging  the  bar  6.  from  its  upper  end,  thus  preventing  the 
twisting  action  which  otherwise  tends  to  deflect  said  bar. 

The  compound  slide  at  G,  which  carries  the  marking  point,  is 
shown  enlarged  in  Fig.  4-1,  and,  as  will  be  seen,  consists  of  the  two 
parts  a  and  b  of  rectangular  cross-section  through  the  first  of  which 
slides  the  adjustable  bar  6,  while  through  the  latter,  slides  the  tan- 
t  bar  5,  and  these  two  parts  are  so  jointed  to  one  another 
that  they  may  revolve  in  parallel  planes  about  a  common  vertical 
axis.  As  the  metal  tubing  from  which  these  parts  are  made  is 
quite  thin,  the  construction  shown  was  resorted  to  in  order  to  get  a 
swivel  between  them — using  a  disk  counter  sunk  into  the  upper 
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slide  and  riveted  into  the  lower  one.  Extending  downward  from 
the  under  side  of  the  lower,  or  tangent  bar  slide,  is  a  tubular  socket, 
into  which  may  be  placed  the  marking  device,  either  a  pencil  c  <>r 
a  pen  cL  ar>d  since  the  former  is  subject  to  wear,  it  is  arranged 
in  a  spring  socket  as  shown,  thus  also  insuring  a  uniform  pressure 
over  slightly  irregular  surfaces. 

Your  attention  is  particularly  called  to  two  important  advantages 
possessed  by  this  instrument.  First,  when  the  blades  of  the  pen 
are  placed  in  proper  position  to  draw  a  line  in  the  direction  of  the 
tangent  bar,  said  pen  is  always  guided  thereby  exactly  in  the  direc- 
tion of  the  curve,  and  thus  gives  a  better  line  than  can  be  drawn  by 
any  other  instrument  made  for  a  like  purpose.  As  far  as  the 
writer  can  discover,  this  is  the  first  time  this  result  has  been  ob- 
tained in  an  ellipsograph.  The  second  feature  is  that  it  is  possi- 
ble to  draw  any  number  of  curves  parallel  to  the  ellipse,  either 
larger  or  smaller  than  the  original  figure,  and  this  is  often  very 
desirable,  as,  for  instance,  in  drawing  elliptical  gearing.  A  curve 
parallel  to  an  ellipse  is  not  an  ellipse,  and  is  therefore  out  of  reach 
of  all  ellipsographs  heretofore  made.  To  do  this  with  the  instru- 
ment shown,  it  is  only  necessary  to  place  the  marking  point  the 

required  distance  from  the  center  of  the 
compound  slide  and  at  right  angles  to 
the  direction  of  the  tangent  bar.  The 
attachment  shown  in  Fig.  42  is  designed 
to  be  used  in  place  of  the  regular  mark- 
ing device,  and  can  be  readily  secured  in 
proper  position  on  the  pendant  sleeve 
of  the  compound  slide,  and  easily  adjusted 
&s\42-  to  draw  curves  parallel  to  the  ellipse. 

II. — The  Parabola. 

In  reference  to  the  particular  property  of  the  parabola,  of  which 
advantage  is  taken,  Davies'  Descriptive  Geometry  may  be  quoted  : 

"If  a  right  line,  E  D,  and  a  point,  F  (Fig.  43),  be  taken  in  the 
plane  of  the  paper,  and  a  point,  as  G,  be  so  moved  in  this  plane 
that  the  distance  from  F  be  constantly  equal  to  its  distance  from 
E  D,  that  is,  G  F  =  G  II,  the  point  G  will  describe  a  curve  called 
a  parabola.  The  line  E  D  is  called  the  directrix  of  the  parabola, 
and  the  point  F  the  focus;  the  line  A  F,  perpendicular  to  E  D, 
the  axis,  and  the  point  B,  in  which  the  axis  intersects  the  curve, 
the  vertex  of  the  parabola.     Points  of  the  curve  may  be  found 
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'bus:  take  any  point  in  the  directrix,  as  E,  and  draw,  E  F  to  the 

:'ocns  ;  draw  also,  E  L  perpendicular  to  the  directrix,  and  at  the 

point  F  make  the  angle  EFL  equal  to  the 

angle  FEL,  then    the  point  L,  at  which 

the  lines  E  L  and  F  L  intersect,  is  a  point 

of  the  curve." 

How  nearly  this  Conicograph   can    be 

made  to  fulfill  these  conditions    will   be 

seen    by  the   following :    reference  being 

made  to  the  diagram,  Fig.  44,  and  the  per- 
spective, Fig.  45,  wherein    the  bar  6    is 

shown   as  controlled   by    its    "Tee"  head   and    the   straight-edge 

Y  W,  so  that  it  lies  constantly 
parallel  to  the  axis  of  the  para- 
bola, and  the  point  H  thereon 
may  be  made  to  lie  always  on  the 
directrix  E  D.  Let  F  be  located 
in  the  focus,  and  the  angle  of  the 
parallelogram  opposite  to  F  be 
"  pivoted  to  the  point  H  of  the  bar 
6,  then  F  41  is  exactly  bisected  at 
O  by  the  tangent  bar  S  T,  since 
by  construction  S  II  =  S  F  and 
H  T  =  F  T.  If,  from  the  point 
H,  G  H  be  drawn  perpendicular 

to  the  directrix,  it  will  intersect  the  tangent  bar  S  T  at  G,  a  point 

in  the  curve  for   G  H  =  G  F  and  HO  =  0  F.      Since  G  O  is 


common  to  the  two  triangles,  O  G  H  and  O  G  F,  the  angles  F  H  G 
and  II  F  G  are  equal. 
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In  order  to  adapt  this  instrument  to  these  conditions,  the  adjust- 
able slide  E  shown  in  Figs.  39  and  40  must  be  removed  from  the  bar 
6,  and  the  attachment  shown  in  Fig.  46  secured  to  said  bar  by  the 
screw  at  H,  which  transforms  the  bar  6  into 
the  "  blade  "  of  a  Tee  square,  the  attachment 
forming  the  "  head."  In  drawing  the  para- 
bola with  this  device  a  straight-edire  must  be 
placed  on  the  paper,  parallel  to  the  directrix, 
and  a  little  way  from  it.  Along  this  straight- 
edge the  head  of  the  Tee  square  must  be 
moved  while  describing  the  curve,  thereby  keeping  G  II  at  right 
angles,  with  the  directrix  E  D  and  II  always  on  it. 

The  attachment  shown  in  Fig.  42  is  applicable  to  the  parabola  as 
well  as  to  the  ellipse,  and  with  it  curves  may  be  drawn  parallel  to 
the  parabola.  In  inking  these  parallel  curves  the  pen  is  always 
directed  by  the  tangent  bar,  as  in  the  case  of  the  ellipse,  and  with 
equally  perfect  results. 

III. — The  Hyperbola. 

In  reference  to  the  hyperbola,  Davies  may  be  again  quoted  : 

"  If  two  points,  E  and  F  (Fig. 
47),  be  taken  in  the  plane  of  the 
paper,  and  a.point,  G,  be  moved 
with  the  condition  that  it  con- 
tinue in  the  plane  of  the  paper, 
and  that  the  difference  between 
the  distances  F  G  and  E  G  be  a 
constant  quantity,  the  point  G 
will  describe  a  curve,  PAG, 
called  an  hyperbola.  .  .  .  The 
points  E  and  F  are  called  the 
foci,  the  line  B  A  is  named  the 
transverse  axis,  and  the  points 
B  and  A,  in  which  it  intersects  the  curve,  are  the  vertices  of  the 
hyperbolas." 

Applying  this  Conicograph  to  describe  an  hyperbola,  let  the 
needle-point  of  F  (See  Fig.  48,  and  perspective,  Fig.  49),  be 
located  ;it  the  focus  of  the  hyperbola  to  be  drawn,  and  the 
needle-point  of  E  at  the  focus  of  the  opposite  hyperbola. 
In  drawing  an  ellipse  the  slide  G,  carrying  the  marker,  is 
always  between   the   points  E   and    H,    while    for    drawing   the 
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hyperbola  it  must  always  be  placed  beyond  H.  In  order  to 
have  it  so  located,  the  point  H,  in  the  adjustable  bar  6,  must 
be  pivoted  (by  means  of  the  removable  screw  at  that  point)  to 


that  angle  of  the  parallelogram  opposite  the  focns  F,  one  end  of 
said  bar  extending  through  the  compound  slide  G,  the  other 
through  the  adjustable  slide  E.     Taking  G  as  a  point  on  the  curve, 


G  F  =  G  H  and  EG  —  GF  =  EH,  which  latter  is  a  constant, 
therefore,  if  E  be  taken  as  a  center  and  E  H  as  a  radius,  the  point 
H  will  describe  the   curved  directrix  H  h  (Fig.  47).     Bisecting  F 
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PI  with  a  line  at  right  angles  thereto  will  locate  the  tangent  S  T. 
The  angle  G  F  II  being  equal  to  F  H  G,  locates  G  as  a  point  on 
the  curve,  and  also  as  the  point  of  tangency  of  the  tangent  bar  5  to 
the  curve.  Further,  E  P  -  F  P  =^E  h  =  E  Ii,  therefore  P  is 
another  point  on  the  curve  of  the  hyperbola. 

In  drawing  an  hyperbola,  then,  with  this  Conicograph,  the  "  set- 
tings "  are  as  follows : 

First,  locate  E  on  the  adjustable  bar  6,  at  a  distance  from  H 
equal  to  the  transverse  axis  B  A  pf  the  hyperbola— then  make 
A  F  =  B  E,  and  locate  the  needle-points  of  the  instrument  in  the 
foci  E  and  F. 

By  swinging  the  point.  H  of  the  linkage  as  far  as  possible  above 
and  below  the  axial  line,  the  marker  attached  to  the  compound 
slide  at  G  will  trace  the  required  curve.  To  draw  the  curve  of  the 
opposite  hyperbola  the  points  E  and  F  must  be  transposed,  as  in 
the  case  of  the  ellipse. 

The  attachment  shown  in  Fig.  42  may  be  used  for  drawing 
curves  parallel  to  a  given  hyperbola. 

This  drawing-instrument  is  presented  for  your  consideration 
more  as  a  novelty  and  curiosity  than  as  a  perfect  machine,  though 
even  in  its  imperfect  state  it  proves  to  be  a  very  serviceable  Conic- 
ograph, as  the  few  specimens  of  drawings  shown  at  the  meeting 
in  connection  with  this  paper  will  attest. 

DISCUSSION. 

Prof.  31c Cord.* — I  did  not  attempt  in  the  reference  which  Mi 
Campbell  has  made,  to  do  what  he  has  so  admirably  succeeded  in 
doing,  that  is,  to  produce  an  apparatus  which  is  capable  of  drawing 
all  the  curves.  I  expressed  the  opinion  some  time  ago  that  I  did 
not  think,  and  I  do  not  think  now,  that  many  gentlemen  in  our 
profession  will  be  greatly  benefited  by  an  apparatus  of  this  kind ; 
that  is  to  say  in  general ;  the  drawing  of  hyperbolas  and  parabolas 
can  be  better  effected  without  an  instrument  than  with  one  ;  but 
for  all  that  the  ingenuity  displayed  in  this  is  just  as  admirable. 
There  will  be  special  cases,  however,  where  this  instrument  would 
be  very  useful.  There  is  no  doubt  of  that.  But  Mr.  Campbell 
has  done  what  I  have  not  done.  He  has  got  something  which  is 
different  from  anything  which  I  had,  and  something  which  is  more 
general  in  its  application  than  I  had  produced  or  hoped  to  produce. 

*  Present  by  invitation. 
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Mr.  A.  B.  Couch. — One  of  the  special  conveniences  of  this  ap- 
paratus is  its  ability  to  draw  curves  parallel  to  the  ellipse.  In  lay- 
ing down  the  lines  for  elliptical  gearing,  it  is  usually  necessary  to 
substitute  for  the  ellipse  a  series  of  circular  arcs,  for  the  purpose  of 
constructing  conveniently  the  addendum  and  root  curves,  which  by 
this  instrument  can  be  drawn  direct,  and  parallel  to  the  pitch  line, 
which  is  an  ellipse. 

Mr.  Wm.  Kent. — I  have  had  recently  occasion  to  Want  a  glass 
cylindrical  mirror  made — not  exactly  cylindrical — but  in  the  shape 
of  an  ellipse,  and  it  strikes  me  that  this  apparatus  may  lead  to  the 
development  of  a  machine  which  will  grind  the  glass  in  that  form. 
The  apparatus  might  be  constructed  so  as  to  generate  an  ellipse  of 
the  section  needed ;  and  instead  of  a  pencil,  it  can  have  a  rotating 
grinding  or  polishing  wheel  attached  to  the  arm,  which  would 
grind  or  polish  the  required  curve. 

Mr.  P.  A.  SangvAnetti. — I  would  like  to  make  a  remark  which 
has  occurred  to  me,  following  the  train  of  Mr.  Kent's  observation. 
I  have  had  occasion  to  require  pieces  of  flat  glass  cut  to  an  exact 
elliptic  shape,  and  of  different  sizes.  I  found  some  difficulty  in 
having  the  glass  cutter  make  them  correctly,  even  after  furnishing 
him  with  a  paper  templet,  over  which  he  would  lay  the  glass,  and 
follow  the  outline  with  the  diamond.  Now  if  the  diamond  could 
be  made  to  take  the  place  of  the  pencil  point  in  this  instrument,  I 
think  it  would  afford  a  very  easy  and  correct  method  of  cutting 
the  glass  to  any  sized  ellipse  required  within  the  limits  of  the 
instrument. 

Mr.  G.  C.  Henning. — I  do  not  think  that  any  one  has  mentioned 
one  of  the  most  common  purposes  to  which  this  apparatus  can  be 
put.  Several  railroads  are  introducing  parabolic  curves  on  their 
systems.  These  companies,  of  course,  must  have  the  parabolic  ap- 
paratus to  describe  the  parabola  in  laying  out  the  drawing,  and  as 
that  is  generally  left  to  the  younger  draughtsmen,  it  is  highly  im- 
portant that  we  have  an  apparatus  which  does  represent  the  curve 
closely,  and  in  that  respect  I  think  the  apparatus  will  find  consider- 
able application. 

Prof.  De  Yolson  Wood. — An  engineer  of  eminence,  who  had 
examined  parabolic  curves  and  circular  arcs,  as  he  had  constructed 
them,  said  that  from  practical  observation  in  riding  on  the  trains 
on  those  roads  where  they  had  put  in  parabolic  arcs  for  the  pur- 
pose named,  and  on  other  roads  where  they  were  constructed 
according  to  his  idea,  that  he  preferred  the  circular  arc.     I  make 
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this  remark,  so  that  if  this  society  should  be  disposed  to  go  into 
parabolic  arcs  for  railroads,  they  may  know  that  there  is  another 
side  to  the  question. 

Mr.  Kent. — An  engineer  of  the  Pennsylvania  Railroad  Company 
told  me  some  years  ago  that  the  proper  form  of  curve  is  the  elastic 
curve — not  the  parabolic  or  hyperbolic,  but  the  elastic  curve,  which 
very  gradually  departs  from  a  straight  line  and  gradually  increases 
its  rate  of  curvature. 

Mr.  W.  B.  Le  Van. — The  Swedish  Government  uses  elastic 
curves  entirely  for  their  railroads. 

Mr.  Ilenning. — I  referred  to  the  Pennsylvania  Railroad.  On 
that  road  they  change  their  curves  to  parabolas,  where  they  are 
now  circular,  especially  on  the  mountain  division,  where  the  grades 
are  heavy  and  the  curves  sharp. 

Prof.  J.  B.  Webb. — I  have  not  heard  the  whole  of  this  discus- 
sion, but  there  is  one  thing  which  may  be  said  in  favor  of  this  in 
strument — it  does  not  attempt  to  make  the  whole  ellipse  at  one 
setting.  It  has  been  said  against  some  ellipsographs  that  they 
make  only  semi-ellipses;  I  do  not  believe  that  any  instrument 
sufficiently  complicated  to  make  the  whole  ellipse  and  guide  the 
pen  around  the  curve  will  ever  be  of  practical  use.  As  this  instru- 
ment draws  also  the  parabola  and  hyperbola,  it  may  be  added  that 
it  is  not  possible  to  make  the  whole  of  either  of  these  curves  at 
once !  I  have  one  other  remark  to  make,  suggested  by  Professor 
Wood's  criticism — I  suppose  that,  even  if  circular  arcs  are  to  be 
adhered  to  for  railroad  curves,  this  instrument  need  not  be  thrown 
out  as,  I  believe,  it  will  also  construct  a  circle. 

Mr.  Campbell. — -I  might  add  in  connection  with  the  last  state- 
ment that  the  instrument  is  capable  of  drawing  a  circle  and  also  a 
straight  line  and  a  square  ! 
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SOME  NOTES  ON  THE  WORKING  STRESS  OF  IRON  AND 

STEEL. 

BY  BENJAMIN  BAKER,  FOllTH  BRIDGE   KT.,   ENGLAND. 

(Honorary  Member  of  the  Society.) 

The  author  has  selected  the  above  somewhat  elastic  title  because, 
whilst  anxious  to  accede  to  the  request  to  bring  certain  results  of 
his  experience  before  the  society,  he  has  not  had  sufficient  time,  in 
the  pressure  of  other  duties,  to  analyze  and  arrange  these  results  as 
he  could  wish. 

Few  engineers  of  experience  who  have  had  to  deal  both  with  ma- 
chinery and  with  structural  iron  work,  such  as  railway  girders,  can 
have  failed  to  note  inconsistencies  in  practice,  and  general  vagueness 
as  to  the  meaning  and  use  of  such  terms  as  safe  working  stress  or 
factor  of  safety.  Rankine  defines  factor  of  safety  as  the  ratio  in 
which  the  ultimate  strength  exceeds  the  working  stress,  and  assigns 
to  it  a  value  of  4  to  6  for  ordinary  steel  and  iron  subject  to  a  vari- 
able load.  But  if  we  consider  for  a  moment  how  the  proportions 
of  almost  all  parts  of  a  machine,  from  the  axle  of  a  country  cart  to 
the  coupling  rod  of  an  express  engine,  have  been  arrived  at,  we  shall 
see  that  it  has  been  by  the  gradual  strengthening  of  the  parts  which 
had  proved  by  accumulated  experience  to  be  too  weak,  and  not  by 
calculating  the  dimensions  on  the  basis  of  a  factor  of  safety  of  4  to  6. 

To  illustrate  this  fact  we  cannot,  indeed,  select  a  better  example 
than  that  of  the  coupling  rod  of  a  locomotive  engine.  Thirty  to  forty 
years  ago  the  coupling  rods  in  general  use  were  round  rods,  about 
2|  inches  in  diameter  at  the  center  and  a  trifle  smaller  at  the  ends. 
They  were  next  changed  to  flat  rods  about  3£  inches  deep  by  1|" 
thick,  and  subsequently  the  dimensions  were  modified  to  4  inches 
by  \\  inches.  Finally,  we  have  now  on  many  railways  girder  sec- 
tion rods  44-  inches  deep,  2|  inches  wide  over  the  flanges,  and  |  inch 
thick  in  the  web.  Why  were  the  successive  modifications  intro- 
duced I  Obviously  as  the  result  of  experience,  and  not  of  calcu- 
lation, or  of  increased  power  in  the  engines.     The  sectional  area  at 
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the  center  of  the  round  rod  was  5.4  inches;  of  the  first  mentioned 
flat  rod  5.25  inches  ;  of  the  second  5  inches,  and  of  the  last  6.4  inches. 
In  no  case  would  the  direct  stress  on  the  rod,  even  assuming  all  the 
power  of  the  engine  were  transmitted  through  it  to  the  coupled 
wheels,  exceed  6,000  lbs.  per  square  inch  ;  therefore  direct  stress  had 
nothing  to  do  with  the  alterations.  What  happened  was  this  : 
Failures  occurred  with  the  round  rods,  and  some  shrewd,  practical 
man  instinctively  concluded  that  the  fracture  occurred  from  trans- 
verse stress,  and  altered  the  section  to  a  deep  flat  bar  better  able  to 
resist  bending.  Theoretical  considerations  show  the  justice  of  this 
conclusion.  At  a  speed  of  50  miles  an  hour,  the  stress  on  the  round 
coupling  rods  of  an  old  type  Great  Western  Railway  engine,  the 
writer  finds,  must  have  been  14,500  lbs.  per  square  inch  from  cen- 
trifugal force  alone,  or  sa}^  17,000  lbs.,  including  the  direct  stress 
from  the  engine.  This  stress  has  since  been  gradually  reduced  until 
with  the  most  modern  girder  section  rods,  the  combined  stress 
from  centrifugal  force  and  steam  pressure  does  not  exceed  half  of 
the  above,  orS,5001bs.  per  square  inch. 

Now,  what  is  the  factor  of  safety  in  the  latter  instance?  Under 
direct  pull  the  coupling  rod  would  stand  an  ultimate  stress  of  say 
50,000  lbs.  per  square  inch  ;  under  direct  compression  say  20,000 
lbs.  ;  and  under  transverse  stress,  which  as  we  have  seen  is  the  one 
determining  fracture,  the  calculated  ultimate  stress  on  the  extreme 
fibers  would  be  about  80,000  per  square  inch.    Is  the  factor  of  safe 

,     ,         80,000       n,       .     .17,000       _,     .,.        .         .        , 
ty         e    a  kiu\   ~  "-4, oris  it      '         =2?     Experience  has  shown 
o,oOO  o,500 

that  the  coupling  rods  are  sure  to  fracture  ultimately  if  the  stress 
reaches  17,000  lbs.  per  square  inch  ;  and  the  writer's  experi- 
ments, to  be  hereafter  referred  to,  point  to  the  same  conclusion. 
By  making  the  working  stress  half  the  breaking  stress  as  deter- 
mined by  actual  practice,  adequate  security  is  found  to  be  attained. 

As  it  is  with  coupling  rods  so  is  it  with  other  parts  of  machinery. 
A  pin  or  some  other  member  repeatedly  fractures ;  it  is  made  some- 
what larger  and  stands. 

Let  us  now  consider  for  a  moment  another  class  of  structure — 
railway  bridges.  The  Conway  tubular  bridge,  which  has  carried  the 
heavy  traffic  of  the  London  and  Northwestern  Railway  for  the  past 
36  years,  is  412  feet  in  span,  and  under  its  own  weight  the  tensile 
stress  is  13,000  lbs.  per  square  inch.  With  ordinary  trains  the  stress 
is  17,000  lbs.,  and  if  covered  with  the  heaviest  engines  in  use  on  the 
line,  20,000  lbs.  per  square  inch.     The  ultimate  strength  of  the  riv- 
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eted  structure  is  about  42,000  lbs.  per  square  inch.  No  indications 
of  weakness  have  developed  during  the  36  years'  working,  nor  any- 
thing to  suggest  that  the  factor  of  safety,  of  say  2  to  2^,  is  unduly 
low. 

On  the  other  hand,  railway  experience  has  amply  proved  that  with 
small  span,  and  therefore  light  girders,  such  stresses  as  the  above 
would   quickly  lead  to  destruction.     For  that  reason,  in  structures 
such  as  the  "  Elevated  Railway  "  of  Xew  York,  the  stresses  are  wisely 
limited  to  8,000  lbs.  per  square  inch  in  the  flanges  of  the  girders, 
7,500  lbs.  in  the  web  bracing,  and  4,500  lbs.  where  members  are 
subject  to  alternate  tension  and  compression.     Although  in  Great 
Britain  the  Government  regulations  still  authorize  11,200  lbs.  per 
square  inch  on  the  net  section,  and  in  France  8.500  lbs.  on  the  gross 
section,  irrespective  of  the  character  of  the  load  or  the  span  of  the 
girder,  engineers  of  the  present  day  do  not  act  up  to  these  regulations. 
In  Great  Britain  a  stress  of  9,000  lbs.  per  square  inch  net  section  is 
seldom  exceeded  in  light  girders.     In  a  recent  German  bridge  over 
the  Danube,  the  permissible  stresses  ranged  from  6,900  lbs.  to  13,000 
lbs. ;  and  in  a  recent  Hungarian  bridge,  over  the  same  river,  from 
8,700  lbs.  to  11,000  lbs.  per  square  inch,  according  to  the  character 
of  the  loading.     In  one  of  the  latest  French  bridges  the  Govern- 
ment authorized  a  stress  of  11,400  lbs.   per  square  inch  gross  sec- 
tion, in  lieu  of  the  usual  8,500  lbs.,  on  the  grounds  of  the  dead  load 
constituting  an  exceptionally  large  proportion  of  the  whole.    Again, 
the  Russian  Government  last  year  issued  new  regulations  by  which 
the  limiting  stresses  were  fixed  at  8,500  lbs.  per  square  inch  for 
bridges  under  50  feet  span,  and  10,300  lbs.  for  those  over  100  feet 
span.    Thus,  whether  we  take  the  case  of  the  coupling  rod  of  a  loco- 
motive, or  the  bridge  over  which  the  locomotive  runs,  we  find  that 
engineers  have  learned  by  experience  the  important  truth,  that  the 
strength  of  a  structure  or  piece  of  mechanism  cannot  be  determined 
by  the  simple  process  of  breaking  a  piece  of   the  material   in  a 
testing  machine,  but  must  be  ascertained  either  by  the  gradual  ac- 
cumulation of  the  results  of  actual  working,  or  by  testing  the  ma- 
terial under  conditions  as  far  as  possible  analogous  to  those  obtain- 
ing in  the  case  under  consideration. 

Wohler's  experiments  on  the  so-termed  "fatigue"  of  metals  are 
well  known.  The  writer,  wishing  to  satisfy  himself  as  to  the  be- 
havior of  modern  structural  steel  under  different  stresses,  has,  dur- 
ing the  past  few  years,  carried  out  experiments  in  some  respects 
similar  to,  and  in  others  differing  from,  those  of  Wohler's  ;  and  has 
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also  made  analogous  tests  of  hard  steel  and  of  iron.  The  experi- 
ments may  be  roughly  classified  under  four  hsads :  (1)  Rotating 
spindles  with  a  weight  at  the  free  end,  causing  alternate  tension 
and  compression  on  the  fibers  as  the  spindle  revolves.  (2)  Flat 
bars  bent  in  some  cases  one  way  only,  and  in"  other  cases  both  ways. 
(3)  Specimens  so  designed  as  to  give  alternate  direct  tension  and 
compression  on  small  pieces  of  metal ;  and  (4)  Full-sized  riveted 
girders. 

Series  ]S"o.  1. 


No, 

Revolutions. 

Stress  per  sq. 
Soft 

inch. 
Steel. 

Factor  a. 

Factor 

1. 

40,510 

36,000 

1.75 

2.45 

2. 

60,200 

36,000 

c< 

" 

3. 

68,400 

34,000 

1.84 

2.56 

4. 

92.070 

" 

ti 

" 

5. 

107,415 

r. 

it 

n 

6. 

128,650 

" 

ti 

7. 

155.295 

'• 

" 

16 

8. 

14,876,432 

26,000 

2.42 

3.4 

Hard  Steel. 

9. 

5,760 

07. COO 

1.88 

2.82 

10. 

7,560 

.65,000 

1.93 

2.90 

11. 

14,6^ 

53,500 

2.36 

3.45 

12. 

16,300 

•■ 

H 

" 

13. 

26,100 

46,500 

2.72 

4.10 

14. 

32,445 

51,000 

2.40 

3.60 

15. 

157,815 

40,500 

3.03 

4.55 

16. 

472,500 

34,000 

3.70 

5.55 

Best  Bar  Iron. 

17. 

108,160 

31,000 

1.70 

2.38 

18. 

110,000 

35,000 

1.66 

2.32 

19. 

141,750 

34,000 

1.70 

2.38 

20. 

389,050 

32,000 

1.90 

2.65 

21. 

4ii8,000 

30,200 

2.00 

2.80 

22. 

421,470 

32,000 

1.90 

2.67 

23. 

480,810 

31,000 

1.95 

2.75 

The  above  series  includes  a  representative  number  of  the  writer's 
experiments  with  rotating  spindles.  As  a  rule,  the  spindles  were 
1  inch  diameter,  and  projected  about  10  inches  from  the  end  of 
the  revolving  shaft  in  which  they  were  fixed.  A  speed  of  between 
50  and  60  revolutions  per  minute  was  maintained  day  and  night. 
The  4i  soft  steel*"  was  fine  rivet  steel,  having  a  tensile  strength  of 
from  G0,000  lbs.  to  04,000  lbs.  per  square  inch,  and  an  elongation 
of  28  per  cent,  in  8  inches.     The  "hard  steel'"  was  a  high-class 
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"drift"  steel,  having  a  tensile  strength  double  the  above,  and  an 
elongation  of  one-half  the  extent.  The  "iron"  was  the  best  rivet 
iron,  having  a  tensile  strength  of  from  58,000  to  61,000  lbs.,  and 
an  elongation  of  20  per  cent.  "  Factor  a  "  is  the  ultimate  tensile 
strength  per  square  inch  of  the  specimen  divided  by  the  calculated 
stress  upon  the  outside  fibers,  due  to  the  load  on  the  end  of  the 
projecting  bar.  "  Factor  b  "  is  the  ratio  of  the  static  load  required 
to  bend  the  bar  a  moderate  amount  beyond  the  elastic  limit,  to  the 
load  actually  imposed  upon  the  revolving  bar.  These  definitions 
will  be  made  more  clear  in  further  references  to  the  table. 


Series 

Xo.  2. 

No 

.  of  Bends. 

Stress  per  sq.  inch. 

Factor  a 

Soft 

Steel. 

24. 

12,240 

44,000 

1.59 

25. 

12,325 

•' 

" 

26. 

12,410 

" 

" 

27. 

18,100 

42,000 

1  67 

28 

18,140 

" 

" 

29. 

72,420 

36,000 

1.94 

30. 

147,390 

34,500 

2.03 

31. 

262,680 

34,000 

2.05 

32. 

1,183,200 

27,500 

2.55 

33. 

3,145,020 

34,500 

2.03 

Best  Bar  Iron. 

34. 

184,875 

34,000 

.1.68 

35. 

250,513 

" 

" 

36. 

3,145,020 

it 

" 

The  above  series  is  a  selection  from  the  writer's  experiments  with 
flat  bars  bent  laterally.  Generally  the  bars  were  1  inch  wide  by  \ 
inch  thick,  and  32  inches  long  between  the  bearings.  The  steel 
specimens  were  cut  from  the  tension  member  plates  of  the  Forth 
Bridge,  and  had  a  tensile  strength  of  about  70,000  lbs.  per  square 
inch,  and  an  elongation  of  20  per  cent,  in  S  inches.  The  iron 
specimens  were  rolled  bars. 

A  careful  consideration  of  the  results  of  the  preceding  experi- 
ments will,  the  writer  thinks,  illustrate  many  points  of  interest  to 
practical  engineers.  Experience  has  shown  that  screw  shafts,  and 
axles  generally,  made  of  the  finest  quality  of  high  tension  steel  are 
not  practically  as  strong  as  when  made  of  soft  steel,  having  theo- 
retically perhaps  little  more  than  half  the  strength  of  the  former. 
Referring  to  Series  Xo.  1,  we  find,  comparing  experiments  8  and 
14,  that  under  working  stresses  in  each  case  equal  to  about  40  per 
11 
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cent,  of  the  ultimate  strength,  the  hard  steel  failed  with  only 
32,445  revolutions,  while  the  soft  steel  stood  14,876,432.  Again, 
comparing  experiments  16  and  23,  it  will  be  seen  that  with  prac- 
tically the  same  number  of  revolutions  the  hard  steel,  though  more 
than  double  the  tensile  strength  of  the  iron,  broke  under  a  work- 
ing stress  only  10  per  cent,  greater.  It  is  impossible,  in  the  face  of 
results  such  as  these,  to  contend  that  the  ordinary  laboratory  tests 
of  a  metal  give  any  adequate  measure  of  its  value  as  a  material  of 
construction. 

Iron  of  high  quality  holds  its  own,  as  compared  with  mild  steel, 
in  these  experiments,  and  this  is  consistent  with  the  general  ex- 
perience as  to  the  driving  axles  of  locomotives,  which  are  subject 
to  repeated  bendings  of  considerable  severity.  Certain  of  the  soft 
steel  specimens  would  have  given  higher  results  had  they  not  been 
turned  down,  as  fracture  occasionally  appeared  to  have  been  accel- 
erated by  the  slight  tool  marking.  On  the  other  hand,  No.  8  stood 
exceptionally  well,  although  it  was  a  turned-down  specimen.  All 
of  the  hard  steel  bars  were  put  in  with  the  skin  on. 

An  illusion  entertained  by  some  engineers  that  alternating 
stresses  are  destructive  only  if  the  stress  exceeds  the  elastic  limit,  is 
effectually  disposed  of  by  these  experiments,  because  none  of  the 
stresses  in  question  exceeded  the  said  limit,  and  some  of  them  were 
very  far  below  it.  Thus,  in  experiment  16,  the  working  stress  was 
but  one-half  of  the  stress  at  the  elastic  limit  under  direct  tension, 
and  onljT  one-third  of  the  stress  at  the  elastic  limit  of  the  material 
when  under  transverse  stress ;  which  was  really  the  condition  of 
the  specimen  in  the  experiment.  "  Factor.5,"  in  the  case  of  ex- 
periment 16,  has  a  value  of  5.55,  which  means  that  less  than  one- 
fifth  of  the  static  weight  required  to  bend  a  hard  steel  pin  a  small 
amount,  will  suffice  to  fracture  the  pin  if  the  stress  be  alternating, 
as  in  the  case  of  the  pins  of  connecting  rods,  for  example.  If  we 
take  what  is  usually  termed  the  breaking  load,  or,  say  in  a  ductile 
material  like  steel,  the  stress  which  would  deflect  the  bar  as  a 
beam  an  amount  equal  to  half  the  span,  then  the  load  which  ulti- 
mately broke  the  bar  in  experiment  16  was  only  one-seventh  of  the 
original  static  breaking  load — a  sufficiently  remarkable  result. 

Other  points  of  interest  may  be  referred  to  in  connection  with 
Series  2.  In  general  the  bars  were  tested  in  pairs,  so  that  when 
one  bar  broke  its  companion  could  be  otherwise  tested  and  exam- 
ined. For  example,  the  companion  to  No.  28,  after  being  subjected 
to  18,140  bendings,  was  tested  for  tension,  and  failed  with  48,000 
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lbs.  per  square  inch,  and  2.6  per  cent,  elongation ;  the  original 
strength  of  the  steel  being  70,000  lbs.  and  20  per  cent,  elongation. 
Again,  the  companion  to  No.  32  was,  on  close  examination,  found 
to  have  a  flaw  like  those  found  in  crank  shafts.  Xos.  33  and  36 
were  companion  bars  bent  one  way  only,  so  that  the  stresses  were 
not  alternating,  hence  the  largely  increased  endurance.  They  were 
both  taken  out  before  actual  fracture,  but  with  deep  set  flaws, 
clearly  illustrating  that  the  cause  of  failure  under  repeated  stresses 
is  very  frequently  not  so  much  a  gradual  deterioration  or  crystal- 
lization of  the  metal,  as  the  establishment  of  small  but  growing 
flaws.  This,  of  course,  is  well  known  to  locomotive  and  marine 
engineers  ;  and  ou  some  railways  it  is  the  custom  to  run  crank 
axles  until  the  incipient  flaw  is  detectable,  and  then  to  hoop  the 
webs  of  the  cranks  ;  whilst  marine  surveyors  do  not  condemn  a 
shaft  necessarily  on  the  first  appearance  of  a  flaw,  but  license  it  to 
be  run  for  a  further  definite  period. 

Another  noteworthy  fact  illustrated  by  these  experiments  was, 
that  a  structure  or  piece  of  mechanism  may  be  subject  to  a  re- 
peated stress  equal  to  90  per  cent,  of  that  which  would  break  it, 
and  yet  specimens  cut  from  the  metal  may  exhibit  no  signs  what- 
soever of  deterioration.  The  broken  half  of  nearly  every  specimen 
in  Series  No.  2  was  tested  by  the  writer  with  that  result.  Thus, 
as  the  stress  was  applied  at  the  center  of  the  bars,  it  followed  that 
at  a  point  90  per  cent,  of  the  half  span  from  the  bearings,  the  stress 
would  be  90  per  cent,  of  that  which  broke  the  bar.  Although  the 
bars  broke  short  off  at  the  center,  at  the  point  referred  to,  they 
could  invariably  be  bent  double  without  fracture.  Having  refer- 
ence to  this  fact,  and  to  the  fact  that  the  tensile  strength  was  also 
little  affected,  it  is  clearly  hopeless  to  expect  to  learn  much  from 
testing  specimens  of  metal  from  structures  or  machines  which  have 
been  lung  in  use.  Unless  the  experimenter  happens  to  hit  off  the 
right  moment  immediately  preceding  the  commencement  of  fail- 
ure, he  need  not  expect  to  learn  much  from  the  behavior  of  the 
metal  in  the  testing  machine.  Professor  Kenned}r,  in  an  interest- 
ing and  instructive  lecture  recently  delivered  before  the  Royal 
Engineers  at  Chatham,  has  given  the  results  of  tests  of  47  pieces  of 
iron  and  steel,  which  had  either  been  in  constant  use  for  many 
years  until  they  were  so  much  worn  as  to  require  renewal,  or, 
which  had  broken  in  actual  use ;  but  in  no  case  did  he  find  any- 
thing distinctly  pointing  to  a  weakening  effect  due  to  actual  fatigue. 
This  is  exactly  the  result  which  the  writer's  experiments  would  have 
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led  him  to  anticipate;  but  it  by  no  means  follows  that  the  very 
piece  of  metal  tested  by  Professor  Kennedy  and  found  uninjured 
would  not  have  broken  a  few  days  after  in  actual  working.  A 
man  of  TO  years  of  age  may  be  as  sound  as  he  was  at  20 ;  but  the 
50  years  have  told  on  him  nevertheless,  and  the  breakdown  is  cer- 
tainly near  and  may  be  sudden.  Having  referred  to  Professor 
Kennedy's  lecture,  it  is  necessary  perhaps  for  the  writer  to  say  that 
he  does  not  agree  in  some  of  the  conclusions  set  forth  therein. 
Thus,  Professor  Kennedy  expresses  his  belief  that  the  failure  of 
coupling  rods  occurs  as  much  by  the  gradual  disintegration  of  the 
dirt  between  the  laminations,  and  the  oxidation  of  the  iron,  as  by 
vibration  and  repetition  of  load ;  and  that  a  homogeneous  material 
like  steel  remains  comparatively  uninjured  by  repetition.  This  of 
course  is  negatived  by  the  results  of  the  experiments  cited  in  the 
present  paper.  Professor  Kennedy  further  says  :  k'  If  a  load  exceed- 
ing the  limit  of  elasticity  be  applied  a  considerable  number  of  times 
the  bar  will  be  actually  broken,  but  at  the  same  time  we  know  that 
if  any  load  exceeding  the  limit  of  elasticity  be  but  once  applied, 
the  structure  to  which  the  bar  belongs  is  distorted  and  rendered 
useless."  This  the  writer  thinks  is  a  dangerous  fallacy,  tending  to 
delay  the  application  of  truly  scientific  principles  to  the  design  of 
structures  and  mechanism. 

Both  the  bridge  engineer  and  the  mechanician  must  reckon  with 
the  fact  that,  owing  to  the  contingencies  of  manufacture,  parts  of 
the  metal  in  every  structure  are  subject  to  initial  stresses  exceed- 
ing the  elastic  limit;  but  fortunately  it  is  not  true  that  the  struct- 
ure is  thus  "  rendered  useless."  Almost  every  plate  and  angle  bar 
of  a  bridge  is  cold-straightened  before  going  into  the  work,  which 
means,  necessarily,  an  initial  stress  exceeding  the  elastic  limit.  Boiler 
shells  are  bent  cold,  and  heavy  initial  stresses  close  up  to  the  elastic 
limit  remain  permanently  in  operation.  The  writer  has  calculated 
the  intensity  of  these  stresses,  and  verified  his  results  by  cold 
straightening  bars,  planing  away  the  outside  skins  on  each  side  and 
thus  relieving  the  bars  of  one  couple  of  initial  stresses,  and  leaving 
the  other  couple  near  the  neutral  axis  to  operate.  The  result  has 
been  that  the  bars  have  ceased  to  retain  their  straightness,  and 
have  become  curved  to  the  extent  of  ^  inch,  or  other  amount  indi- 
cated by  calculation.  Similarly,  lathesmen  well  know  that  a  long 
shaft  often  wobbles  when  the  outer  skin  is  turned  off,  and  many 
other  instances  will  occur  to  practical  men,  proving  beyond  contest 
that,  in  almost  every  metallic  structure,  some  parts  of  the  metal 
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are  stressed  beyond  the  elastic  limit.  The  effects  of  repetitions  of 
stress  cannot  therefore  be  ignored,  even  where  the  nominal,  or 
average,  stress  on  the  metal  is  small,  because  the  possible  heavy 
initial  stress  near  the  neutral  axis  may  lead  to  the  establishment  of 
a  growing  flaw,  commencing  at  the  center  of  the  cross-section  of 
the  bar,  and  therefore  undetectable. 

As  regards  riveted  structures,  it  is  of  course  the  aim  of  both  en- 
gineer and  manufacturer  to  insure  every  rivet  griping  the  plates 
with  a  stress  fully  up  to  the  elastic  limit.  M.  Considere,  who  has 
recently  completed  a  most  important  and  scientific  series  of  experi- 
ments on  riveted  joints,  sums  up  thus :  "  In  all  constructions  in 
which  the  riveted  portions  have  not  already  commenced  sliding, 
the  rivets  work  solely  by  longitudinal  tension,  and  the  adherence 
which  this  tension  gives  rise  to  between  the  plates  in  contact  con- 
stitutes the  sole  resistance."  And  further:  "  Any  alternating  stress 
in  excess  of  that  adherence  rapidly  dislocates  the  work."  The 
writer's  experiments  fully  confirm  these  conclusions.  At  the 
Forth  Bridge  the  rivets  in  the  heavy  bedplates  are  1^  inch  diame- 
ter, and  pass  through  8  inches  thickness  of  plates.  Closed  with 
hydraulic  riveters  of  40  tons  pressure,  the  rivets  as  a  rule  fill 
the  holes  fairly ;  but  care  is  taken  that  the  stress  is  kept  within 
the  frictional  adherence  arising  from  the  elastic  grip  of  the  rivets. 
With  rivets  of  the  same  length  as  those  in  the  bedplates,  the  aver- 
age resistance  to  sliding  was  found  to  be  equivalent  to  a  shearing- 
stress  of  14,500  lbs.  per  square  inch  of  rivet  area  ;  whilst  the 
maximum  shearing  stress  on  any  rivet  in  the  bridge  is  limited  to 
11,200  lbs.  per  square  inch.  M.  Considere  found  that  with  ordi- 
nary riveting  he  could  reckon  upon  an  adherence  of  from  11,300  lbs. 
to  14,400  lbs.  per  square  inch,  which  closely  agrees  with  the  former 
results.  The  writer,  by  testing  plates  in  ordinary  condition,  secured 
with  bolts  screwed  up  to  a  known  tension,  found  the  coefficient  of 
friction  averaged  ^  ;  and  he  also  found  the  soft  steel  rivet,  after 
being  closed  up  under  hydraulic  pressure,  had  an  increased  ultimate 
strength  of  10  to  15  per  cent.,  aEd  an  elastic  limit  of  about  45,000 
lbs.  per  square  inch.  Now  45,000  lbs.  x  i  =  15,000,  which  was 
the  ascertained  resistance  to  sliding  of  the  plates;  and  it  is  clearly, 
demonstrated,  therefore,  that  in  sound  work  the  rivets  are  perma- 
nently strained  up  to  the  elastic  limit.  This  result  was  further 
confirmed  by  temperature  experiments,  measurements  of  contrac- 
tion of  rivets,  and  other  means  which  need  not  be  detailed  here. 

In  order  to  ascertain  whether  alternating  stresses  were  as  preju- 
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dicial  to  members,  such  as  piston  rods,  subject  to  direct  pull  and 
thrust,  as  to  shafts  subject  to  transverse  bending,  the  writer  carried 
out  a  series  of  experiments  on  specimens  so  designed  as  to  give 
alternate  direct  tension  and  compression  on  small  pieces  of  metal. 
These  specimens  were  of  three  types  illustrated  (not  to  scale),  by 
Figs.  50,  51,  and  52.  In  the  first,  the  pieces  of  metal  tested  were 
sometimes  of  round  and  sometimes  of  flat  cross-section,  and  were 
bolted  to  a  couple  of  spring  bars,  as  shown  on  the  sketch ;  the 
stress  being  applied  by  opening  and  closing  the  legs  of  the  tongs, 
and  thus  putting  the  metal  into  alternate  tension  and  compression. 
In  the  second  group,  the  spring  bars  and  specimens  were  all  sawn 


Fi°r.  50. 


Fig.  52. 


' 


and  slotted  out  of  one  piece  of  steel,  and  the  necessity  of  constantly 
tightening  up  the  nuts  was  thus  avoided.  In  the  third  the  speci- 
mens were  shaped  as  shown  by  Fig.  52,  and  a  bending  stress  applied 
at  the  center  of  the  bars. 


Fig.  50 
Fig.  51 
Fig.  52 


Series  Xo.  3. 
Soft  Steel. 


No.  of  bends. 
(  28,008 
'  4ft,  320 
(  11,880 

'  29,568  (hard  steel). 
\  230,513 
'  294,735 


Stre« 


per  sq.  inch. 

37,000 

3S.000 

28,000 

16,700 

35,000 

25,000 


Factor  a. 
1.90 
1.84 
2.50 
4.90 
2.00 
2,80 
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Other  experiments  were  made,  but  the  above  are  sufficient  to 
prove  that  alternating  stresses  are  at  least  as  prejudicial  when  the 
stresses  are  direct  as  when  they  are  indirect. 

Series  No.  4. 

The  writer  has  availed  himself  of  the  opportunity  afforded  by 
the  large  use  of  special  plant  and  machinery  at  the  Forth  Bridge 
Works,  to  note  the  influence  of  varying  stresses  on  full-sized  riveted 
steel  girders.  These  observations  are  still  in  progress,  and  can  be 
but  very  briefly  referred  to  herein.  In  one  instance  the  lever  of 
a  large  plate-bending  press  is  of  box  girder  section,  built  up  of 
eight  4"  x  4"  x  f "  angle  bars,  two  13"  x  |"  web  plates  and  two 
17"  x  {  x  |  flanges.  The  span  is  15  feet  8  inches,  and  the  ordinary 
daily  working  stress  on  the  metal  is  43,000  lb?.,  and  occasionally  57,- 
000  lbs.  per  square  inch.  Many  thousand  applications  of  this  stress 
have  been  made,  and  the  beam  has  taken  a  permanent  set  of  -J", 
but  so  far  is  otherwise  intact.  Observations  are  also  being  made 
of  the  behavior  of  sixty  riveted  steel  box  girders  of  18  feet  span, 
built  up  of  two  12"  x  3"  channels  and  two  flange  plates ;  which 
girders  are  subject  to  very  many  thousand  repetitions  of  stress  rang- 
ing from  zero  to  13  tons  per  square  inch. 

As  regards  the  important  question  of  the  proper  working  stress 
on  iron  and  steel,  the  writer's  experience  leads  him  to  believe  that 
both  the  old-fashioned  government  regulations,  giving  the  same 
limiting  stress  for  all  kinds  of  loading,  and  the  modern  formulae, 
based  chiefly  on  "Wohler's  experiments,  fail  to  meet  the  just  require- 
ments of  the  practical  engineer.  It  is  in  many  cases  a  great 
economical  advantage  and  convenience,  to  have  reference  not  merely 
to  the  variation  of  stress,  but  also  to  the  probable  number  of  ap- 
plications. For  example,  the  writer  knows  the  bending  press  box 
girder  lever,  previously  referred  to,  will  last  its  time,  although  the 
working  stress  is  about  §  of  the  ultimate  strength  of  the  material; 
and  it  would  have  been  a  mere  waste  of  money  to  make  it  four 
times  as  strong,  and  so  give  it  the  factor  of  safety  of  6 — usual  and 
proper  enough  for  a  structure  such  as  the  "  Elevated  Railway  "  of 
New  York,  where  a  practically  infinite  number  of  repetitions  of 
stress  have  to  be  provided  for.  Again,  in  many  instances  it  is 
preferable  to  face  the  fact  of  occasional  breakages  than  to  attempt 
to  give  the  strength  required  to  insure  absolute  durability.  Thus, 
in  case  of  railway  springs,  a  fractured  leaf  is  a  common  and  unim- 
portant incident,  little  to  be  wondered  at,  as  the  working  stress 
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often  ranges  from  60,000  lbs.  to  S0,000  lbs.  per  square  inch,  on 
steel  having  in  its  tempered  condition  an  ultimate  tensile  strength 
of  about  160,000  lbs.  per  square  inch.  If  it  were  as  essential  to 
guard  against  the  failure  of  a  spring  leaf  as  it  is  to  guarantee  the 
safety  of  a  railway  bridge,  it  would  be  necessary  to  more  than  double 
the  n nmber  of  leaves  in  most  springs. 

In  all  works,  temporary  or  permanent,  where  the  stress  alternates 
from  tension  to  compression,  large  rivet  area  must  be  provided,  as  a 
very  few  repetitions  suffice  to  loosen  rivets.  "Where  metal  has  been 
subject  only  to  compressive  stresses  of  varying  intensity,  the  writer 
has  not  so  far  been  able  to  detect  any  deterioration,  and  he  takes 
account  of  this  fact  in  settling  the  proper  working  stress  on  the 
struts  of  bridge  trusses  and  similar  works. 

Twenty  years  ago,  being  uncontrolled  by  government  regulations, 
the  writer  adopted  a  working  stress  of  16,000  lbs.  per  square  inch 
on  many  large  iron  girders  carrying  a  heavy  dead  load ;  although 
at  that  time  a  departure  from  the  universal  11,200  lbs.  per  square 
inch  was  regarded  with  suspicion.  The  results  of  modern  research 
have,  however,  now  given  the  engineer  a  free  hand,  and  the  British 
5  tons  per  square  inch  and  the  Continental  6  kilos,  per  square  mil- 
limeter have  ceased  to  be  regarded  with  superstitious  reverence.  A 
machine  or  a  bridge  can  only  be  well  proportioned  by  carefully  con- 
sidering the  special  conditions  of  the  case,  in  the  light  of  experi- 
mental data  and  past  experience.  A  string  of  formulas  will  not 
make  an  engineer. 

In  concluding  this  necessarily  very  hurried  and  imperfect  paper, 
the  writer  would  like  to  bear  testimony  to  the  admirable  behavior 
of  a  very  good  friend  of  his — mild  steel.  During  the  past  three 
years  he  has  had  to  deal  with  about  24,000  tons  of  that  material,  and 
to  submit  it  in  many  cases  to  very  harsh  treatment.  He  has  had 
more  cases  of  so  termed  "  mysterious  fractures''  with  the  few  tons 
of  wrought  iron,  used  for  certain  temporary  purposes,  than  with  the 
whole  24,000  tons  of  steel.  This  result  of  his  experience  may  be 
of  interest  to  brother  members  of  this  society  who  now  are,  or  will 
doubtless  be,  large  users  of  mild  steel ;  and  the  testimony  is  perhaps 
of  the  greater  value  as  the  work  at  the  Forth  is  pressed  on  day  and 
night,  and  no  precautions  are  taken  which  would  not  equally  be 
necessary,  were  the  material  the  highest  class  of  Lowmoor  iron, 
costing  double  or  treble  the  price  of  the  steel. 
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DISCUSSION. 

Prof.  De  Volson  Wood.  * — There  were  two  points  in  this  paper 
which  struck  me,  and  to  which  I  am  pleased  to  call  attention.  The 
first  is  on  the  eighth  page. 

"  This,  of  course,  is  negatived  by  the  results  of  the  experiments 
cited  in  the  present  paper.  Prof.  Kennedy  further  says  :  '  If  a  load 
exceeding  the  limit  of  elasticity  be  applied  a  considerable  number 
of  times,  the  bar  will  be  actually  broken,  but  at  the  same  time  we 
know  that  if  any  load  exceeding  the  limit  of  elasticity  be  but  once 
applied,  the  structure  to  which  the  bar  belongs  is  distorted  and  ren- 
dered useless.' " 

It  is  the  last  part  of  this  quotation  to  which  I  wish  to  call  atten- 
tion— that  if  a  bar  is  strained  beyond  the  elastic  limit  it  is  made 
useless.  Some  years  ago,  when  preparing  a  book  upon  this  sub- 
ject, I  came  across  some  experiments  made  by  Hodgkinson,  given 
in  nay  Treatise  on  the  Resistance  of  Materials,  on  page  44.  A  bar 
of  iron  was  broken  ;  then  one  of  the  pieces  was  broken  again,  and 
then  thirdly  a  piece  of  that  one  which  was  broken  the  second  time 
was  broken  again.  The  section  of  the  piece  was  thus  reduced,  but 
it  took  more  to  break  the  second  piece  than  it  did  the  first,  and 
more  to  break  the  third  than  it  did  the  second.  The  section  of  the 
third  piece  was  ten  per  cent,  less  than  the  first,  but  it  required  a 
stress  twenty  per  cent,  greater  to  break  it.  I  w.-ote  something  like 
this:  '"The  repeated  fracture  of  iron  makes  the  pieces  stronger/' 
When  I  revised  it  I  thought  that  was  pretty  strong  ;  I  was  not  cer- 
tain of  the  demonstration  ;  so  I  put  in  the  word  "  apparently."     I, 


Fig.  91. 

however,  had  not  completed  the  book  before  we  received  an  ex- 
periment, made  at  the  Xavy  Yard  at  Washington,  and  a  record  of 
that  experiment  is  given  on  page  250,  and  it  was  that  experiment 
which  is  so  full  ot  interest.  The  identical  pieces  which  were  used 
in  making  those  experiments  are  on  exhibition  in  my  lecture  room, 
at  the  Stevens  Institute  of  Technology.  The  piece  had  two  eyes, 
Fig.  91,  the  ends  being  greatly  enlarged,  so  that  there  would,  ap- 
parently, be  no  danger  of  fracture  through  those.     Now  this  par- 

*  By  invitation. 
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ticular  specimen  was  being  pulled  apart  at  a.  As  Commodore 
Beardslee  said,  the  piece  that  was  being  pulled  apart  evidently  had 
failed.  It  was  being  reduced  at  this  point,  when,  for  some  unex- 
plained reason,  one  or  the  other  of  the  eyes  broke.  He  said, 
"  Weld  the  eye,  and  we  will  break  it  to-morrow."  They  welded 
the  eye,  put  it  into  the  machine,  expected  to  see  it  fail  at  this  point 
cz,  but  instead  of  that  it  began  to  reduce  at  b.  Now,  you  notice 
that  this  section  was  perceptibly  reduced  from  what  it  was  origin- 
ally, and  very  perceptibly  smaller  than  at  b,  and  yet  it  did  not 
break  at  a;  it  broke  at  b;  from  which  we  inferred  that  the  part  at 
a  was  made  stronger,  not  by  breaking,  but  by  resting.  It  required 
twenty-five  per  cent,  greater  stress  to  break  the  piece  at  b  than  was 
pulling  it  apart  at  a  the  day  before.  It  was  out  of  the  machine 
several  hours,  and  we  can  only  conclude  that  the  particles  had  so 
arranged  themselves  that  they  could  resist  better  at  a  than  at  b.  I 
have  used  this  illustration  sometimes — that  the  particles  at  a  got 
their  backs  up  and  so  resisted  harder  than  before. 

Experiments  were  afterwards  made  in  this  lecture  room  to  confirm 
that  experiment,  and  the  conclusion  reached  is  this — that  overstrain- 
ing iron  once,  if  you  allow  it  to  rest  completely  afterwards,  does  not 
injure  its  resistance ;  and  experiments  were  carried  further — that 
you  might  overstrain  it  two  or  three  times  and  not  only  apparently 
make  it  stronger,  but  increase  its  elastic  limit.  There  is  an  end  to 
that  just  as  there  is  to  the  increase  of  the  strength  of  a  person  by 
overdoing  and  getting  rested,  and  then  doing  it  again.  After  a 
time  he  feels  the  effect,  and  ultimately,  if  it  is  carried  too  far,  it 
will  injure  him,  ruin  him  ;  and  so  it  may  ruin  the  piece.  The  lat- 
ter part  of  that  conclusion  of  Kennedy  was  not  correct,  that  a  bar 
cannot  be  overstrained  once  without  destroying  its  usefulness. 

Another  point  was  on  the  twelfth  page  of  the  paper  : 

"A  machine  or  a  bridge  can  only  be  well  proportioned  by  care- 
fully considering  the  special  conditions  of  the  case,  in  the  light  of 
experimental  data  and  past  experience." 

The  idea  that  struck  me  was  this — who  of  us.  after  reading  the 
conclusions  and  the  criticisms  of  experimentalists,  would  feel  that 
we  were  warranted  in  proportioning  a  structure  accurately,  accord- 
ing to  the  light  of  past  experience  ?  It  resolves  itself  into  this  : 
at  first  we  make  a  few  experiments,  and  establish  a  law.  We  try 
that  law  a  while.  Somebody  experiments  again,  and  finds  that  that 
law  is  not  quite  correct,  and  proposes  a  modification;  and  after 
going  on  in  this  way  with  experimental  matters  we  virtually  become 
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empiricists.  We  cannot  make  laws  which  will  work  nicely  and  accu- 
rately under  all  the  circumstances.  Formulated  experience  is  exceed- 
inglv  valuable.  Without  it,  what  could  the  man  do  who  could  not 
experiment  ?  With  it,  the  experimentalist  is  not  tied  down  and 
confined  to  a  formula.  I  have  sometimes  illustrated  this  matter 
thus  :  a  man  experiments  in  hydraulics  and  lays  down  a  law  in  re- 
gard to  the  flow  of  water.  Another  man  experiments  and  says  that 
is  all  wrong,  for  it  does  not  agree  with  the  facts  which  he  has 
found.  A  third  experiments,  and  says  that  is  all  wrong,  and  he 
gives  us  his  facts ;  and  a  fourth  one  experiments,  and  says  they 
are  all  wrong  and  here  are  the  facts,  and  by  and  by  we  come  to  the 
conclusion  that  the  conditions  are  so  varied  that  they  may  all  be 
right  for  the  conditions  nnder  which  they  established  their  rules, 
and  none  of  them  correct  for  the  others.  Now,  the  properties  of 
materials,  as  manufactured,  vary,  and  it  is  necessary  to  make  ex- 
periments in  order  to  gain  a  knowledge  of  the  modification  of 
these  properties.  I  have  heard,  sometimes  feared,  that  the  so-called 
coefficients  or  factors  of  safety  would  be  worked  too  close,  because 
we  may  not  take  into  account  all  the  conditions.  I  think  it  wasllol- 
ley  who  said  :  "  Talk  about  coefficients  of  safety,  or  factors  of  safety, 
why,  they  are  factors  of  ignorance  !  "  I  admit  it.  There  is  a  certain 
degree  of  ignorance  bordering  along  the  line  of  exactness  which 
you  cannot  settle  one  side  or  the  other,  and  in  my  instruction  I 
always  advise  being  on  the  safe  side,  in  case  of  doubt. 

Mr.  G.  31.  Bond. — In  regard  to  the  statement  on  the  second 
page,  as  to  the  girder  section  of  side-rods  on  a  locomotive  being  con- 
sidered the  best,  it  would  seem  that  some  railroads  in  this  country 
differ  from  that  opinion.  I  noticed  the  other  day  one  instance 
especially — the  Old  Colony  Railroad  Co.  They  consider  that  a 
side-rod  is  made  too  stiff  laterally  by  making  it  web  section,  and 
they  find  in  their  experience  that  the  ordinary  flat  parallel  bar  is 
the  best.  Other  roads,  however,  seem  to  consider  the  web  section 
the  best. 

Mr.  Win.  Kent. — Mr.  Baker's  paper  is  a  valuable  contribution  to 
the  growing  literature  of  the  subject  upon  which  it  treats,  in  giving 
new  records  of  experiments  which  may,  some  day,  be  collated  with 
other  similar  records,  and  lead  to  generalizations  and  deductions 
which  can  scarcely  be  made  at  present,  on  account  cf  the  insuf- 
ficiency of  reliable  data.  That  the  data  now  available  are  not  suf- 
ficient to  enable  us  to  frame  practical  formula3  for  the  working 
stress  of  iron  and  steel,  is  shown  by  Mr.  Baker's  refusal  to  accept 
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"  the  modern  formulae  based  chiefly  on  Wohler's  experiments," 
and  his  disagreement  with  some  of  the  conclusions  drawn  by  Prof. 
Kennedy  from  other  experiments.  We  have  no  higher  authorities 
on  the  working  stress  of  iron  and  steel  than  Wohler,  Kennedy,  and 
Baker,  and  if  they  differ  among  themselves  in  their  generalizations, 
we  must  accept  their  opinions  only  tentatively,  and  wait  for 
more  extensive  experiments  before  forming  too  positive  conclu- 
sions. 

The  deduction  drawn  by  Mr.  Baker  from  his  Series  No.  1 
appears  to  the  writer  insufficient  and  misleading.  He  states  that 
axles  "  made  of  the  finest  quality  of  high  tension  steel  are  not 
practically  as  strong  as  when  made  of  soft  steel,"  and  "  comparing 
experiments  8  and  14,  under  working  stresses  in  each  case  equal  to 
about  40  per  cent,  of  the  ultimate  strength,  the  hard  steel  failed 
with  only  32,445  revolutions,  while  the  soft  steel  stood  14,876,432." 
No  other  meaning  can  be  drawn  from  this  language  than  that  soft 
steel  is  superior  to  hard  steel  under  repeated  stresses,  and  such 
meaning  was,  no  doubt,  intended,  3ret  neither  the  statement  in 
reference  to  the  axles  nor  the  figures  of  series  No.  1,  necessarily 
lead  to  such  a  conclusion.  If  it  is  true  that  axles  of  the  "  finest 
quality  of  high  tension  steel "  are  not  practically  as  strong  as  those 
of  soft  steel,  it  by  no  means  follows  that  there  is  not  an  inter- 
mediate grade  of  hard  steel,  say  40  to  60  carbon,  which  is  not  prac- 
tically stronger  than  either  "  the  finest  quality  of  high  tension 
steel  "  or  "  soft  steel."  So,  also,  while  it  may  be  true  that  when  a 
piece  of  soft  steel,  and  a  piece  of  hard  steel  of  the  same  size,  both 
strained  to  40  per  cent,  of  their  ultimate  strength,  are  tested  by 
repeated  strains,  the  soft  steel  stands  14,000,000  revolutions,  while 
the  hard  steel  stands  only  32,000,  it  by  no  means  follows  that 
the  hard  steel  is  not  actually  superior  to  the  soft  steel  when  both 
are  strained  to  the  same  amount.  In  fact,  this  is  clearly  shown  by 
Mr.  Baker's  table.  Experiments  No.  3,  4.  5,  6,  and  7,  all  soft  steel, 
all  strained  to  34,000  pounds  per  square  inch,  stood  from  68,000  to 
155,000  revolutions,  while  No.  16,  hard  steel,  also  strained  to 
34,000  pounds  per  square  inch,  stood  472,500  revolutions,  or  more 
than  three  times  as  many  as  the  best  of  the  soft  steel  specimens, 
and  about  seven  times  as  many  as  the  worst  of  them,  while  No.  15, 
strained  to  40,500  pounds  per  square  inch  (or  nearly  20  per  cent. 
more  than  the  34,000  pounds),  stood  157,800  revolutions,  or  more 
than  the  best  of  the  soft  steel  specimens.  Again,  comparing  No. 
15  with  Nos.  1  and  2,  the  hard  steel,  strained  to  40,500  lbs.  per 
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square  inch,  stood  from  1\  to  4  times  as  many  revolutions  as  the 
soft  steel  strained  to  only  36,000  pounds  per  square  inch.  The 
deduction  I  would  draw  from  Series  No.  1  is,  that  the  hard  steel  is 
superior  to  the  soft  steel. 

In  practice  such  a  question  as  this  might  arise  :  A  certain  tension 
member  is  to  be  dimensioned  on  the  basis  of  10,000  lbs.  allowed 
static  strain  to  the  square  inch.  Shall  soft  steel,  or  a  medium  hard 
steel  be  used  to  give  the  greatest  probable  life  under  repeated 
strains  ?  Here  the  dimension  of  the  member  is  fixed  ;  it  will  weigh 
no  more  and  cost  no  more  if  made  of  the  hard  steel  than  of  the 
soft.  I  would  say,  use  the  steel  which  stood  472,000  revolutions 
under  a  strain  of  34,000  lb?,  to  the  square  inch,  rather  than  the 
one  which  stood  only  155,000  revolutions — in  other  words,  use  the 
hard  steel  rather  than  the  soft.  This  is  the  deduction  to  be  drawn 
from  the  experiments  of  Series  Xo.  1,  although  there  may  be  other 
reasons  why  a  softer  steel  might  be  preferred,  such  as  the  greater 
liability  of  the  hard  steel  to  damage  during  the  processes  of  manu- 
facture into  its  finished  shape. 

Some  nine  years  ago  a  number  of  experiments  were  published 
by  Mr.  William  Metcalf  {Metallurgical  Beview,  Yol.  I.,  p.  399), 
which  tend  to  show  that  a  medium  hard  steel  resists  repeated 
shocks  better  than  soft  steel.  His  paper  is  well  worthy  of  study 
by  those  interested  in  the  subject,  but  the  following  may  be  quoted 
here : 

"  The  next  case  was  that  of  steel  for  small  pitmans,  where  the 
test  required  was  that  a  machine  should  run  4^  hours,  at  a  rate 
of  1,200  revolutions  per  minute,  unloaded  before  the  pitman 
broke.     .     .     . 

"  The  first  trial  was  with  .53  carbon  steel,  mean  time  of  six  trials, 
2  hours,  9^  minutes.  Second  trial,  .65  carbon  steel,  mean  time  of 
six  trials,  2  hours,  574-  minutes.  Third  trial,  .85  carbon  steel,  mean 
time  of  three  trials,  9  hours,  45  minutes.     .     . 

"  This  led  to  a  trial  of  a. set  of  twelve  pitmans  of  a  finer  quality 
of  steel  than  the  above. 

The  .30  carbon  ran  1  h.  21  m.,  heated  and  bent  before  breaking. 


.49       ' 

"    1  h.  28  m. 

"                    "                    " 

.53      ' 

"    4  h.  57  m. 

broke  without  heating. 

.65       ' 

'        "    3  b.  50  m. 

broke  at  weld,  where  imperfect 

.80      ' 

"    5  h.  40  m. 

.84      ' 

"  18  h. 

.87      ' 

broke  in  weld 

near  the  end. 

.90       ' 

'       ran  4  h.  65  m. 

and  the  machine  broke  down." 
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Another  statement  of  Mr.  Baker  seems  open  to  criticism  :  that 
"  a  structure  or  piece  of  mechanism  may  be  subject  to  a  repeated 
stress  equal  to  90  per  cent,  of  that  which  would  break  it,  and  yet 
specimens  cut  from  the  metal  may  exhibit  no  signs  whatever  of 
deterioration."  It  is  not  at  all  certain,  as  he  says,  that  in  a  bar 
tested  by  transverse  strain  the  stress  at  a  "  point  90  per  cent,  of  the 
half  span  from  the  bearings,  the  stress  would  be  90  per  cent,  of 
that  which  broke  the  bar."  In  steel  which  bends  greatly  before 
breaking,  it  is  very  far  from  true.  Before  making  such  a  broad 
generalization  from  transverse  tests,  a  crucial  test  should  be  made 
by  direct  tension,  and  I  venture  to  say  such  a  test  would  utterly 
destroy  the  generalization.  Take  a  bar  of  any  soft  or  medium 
steel,  cut  it  in  half,  and  break  one-half  by  tensile  strain.  Then 
test  the  other  half  to  90  per  cent,  of  this  strain,  not  repeatedly,  but 
only  once,  take  it  out  of  the  testing  machine,  and  lay  it  aside  for  a 
day  or  two,  and  then  test  it  again,  plotting  carefully  its  extensions 
under  successive  increments  of  load  up  to  the  breaking  point. 
It  will  show  two  changes  at  least,  first,  greatly  increased  elastic 
limit,  second,  greatly  decreased  ductility  (measuring  the  elonga- 
tions anew,  and  not  from  the  original  marks),  and  most  probably  a. 
third  change,  a  considerable  increase  of  tensile  strength.  -This 
class  of  phenomena  ought  now  to  be  well  known  to  engineers. 
They  were  published  about  ten  years  ago  by  Prof.  Thurston,  in 
the  Transactions  of  the  American  Society  of  Civil  Engineers,  and 
were  discussed  at  considerable  length  by  Commander  Beardslee  in 
the  reports  of  the  U.  S.  Iron  and  Steel  Testing  Board,  besides 
having  found  their  way  into  some  American  text-books.  They  are 
entirely  inconsistent  with  the  conclusion  that  a  structure  "  may 
be  subject  to  repeated  stress  equal  to  90  per  cent,  of  that  which 
would  break  it,  and  yet  specimens  cut  from  the  metal  may  exhibit 
no  signs  whatsoever  of  deterioration,"  if  such  structure  is  made  of 
the  qualities  of  iron  and  steel  generally  used  in  construction.  ■ 

Mr%  G.  C.  Henning. — I  would  like  to  say  a  few  words  in  regard 
to  Professor  Wood's  remarks  on  Professor  Kennedy's  assertion 
that  a  rod  becomes  useless  when  it  is  once  strained  beyond  the 
elastic  limit.  From  tests  we  have  found  out  that  material  becomes 
stronger  after  being  once  strained  beyond  the  elastic  limit,  but  we 
have  also  found  out  that  it  invariably  decreases  in  ductility.  Ma- 
terials are  similarly  affected  when  strained  below  elastic  limit,  but 
to  a  much  less  degree.  If  we  take  two  bars,  one  of  which  has 
been  stretched  beyond  the  elastic  limit,  that  bar  will  not  stretch  as 
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much  for  any  given  load  put  upon  it  as  the  other  bar  which  has 
not  been  strained.  The  result  will  be  this  :  if  we  have  two  mem- 
bers side  by  side  or  close  together,  one  of  which  has  been  strained 
beyond  the  elastic  limit,  and  which  are  loaded  equally  per  square 
inch  of  section,  these  two  members  will  not  work  in  harmony. 
The  direct  result  will  be  that  the  member  which  has  not  been 
strained  beyond  the  elastic  limit  will  receive  and  carry  less  of  the 
load  than  the  other  member.  This  will  throw  unequal  strains  into 
the  structure,  and  the  result  will  be  that  the  structure  itself  will 
not  act  uniformly  throughout.  "Whenever  a  load  is  put  on  a  struct- 
ure some  members  will  take  more  stress  than  others,  and  our  prin- 
cipal object  in  making  substantial  structures  and  distributing  the 
stress  in  proportion  to  the  section  of  the  material  will  be  destroyed. 
The  result  is  that  we  can  no  longer  have  much  confidence  in  such  a 
structure,  and  especially  if  a  long  one  where  there  are  many  parts 
duplicated,  if  the  members  are  so  irregular  in  character  in  regard 
to  strain,  which  affects  the  shape  and  consequently  the  distribution 
of  stress,  which  is  of  vital  importance  to  the  life  of  the  structure. 
For  that  reason  I  think  Professor  Kennedy  is  correct,  that  such  a 
bar  must  not  be  used  in  a  structure  in  connection  with  other  bars 
which  have  not  been  so  treated.  To  strain  onl}T  one  member  is 
all  wrong.  Let  me  take  the  case  of  a  bridge.  If  we  should  stretch 
the  members  in  only  one  panel  that  panel  will  be  stiff er  than  the 
rest.  The  result  is  that  when  a  train  comes  on  the  bridge  the  part 
which  is  deflected  must  regularly  receive  an  extra  impulse  from  the 
load,  and  that  side  which  has  not  been  stretched  in  that  way  will 
always  get  a  greater  load  and  the  bridge  will  never  act  properly 
under  it,  and  it  is  then  only  a  question  of  quantity  of  stress  which 
may  produce  serious  consequences.  Our  object  in  fabricating 
structures  is  to  get  all  the  parts  as  nearly  uniform  as  possible,  and 
therefore  we  must  select  such  members  as  have  been  treated  in  a 
way  that  is  likely  to  affect,  not  their  ultimate  strength — we  do  not 
care  much  about  that — but  their  elasticity,  that  is,  their  relative  ex- 
pansion under  given  loads,  and  pair  them  off  or  reject  them.  All 
our  structures  are  machines,  whether  we  can  see  the  motion  or  it 
be  so  slight  that  it  can  only  be  observed  by  careful  measurement. 
If  you  have,  of  course,  only  a  single  member,  like  the  connecting 
rod  of  an  engine,  that  may  be  stretched  beyond  the  elastic  limit 
and  not  affect  anything  else,  but  generally  we  have  many  members 
to  make  up  one  structure. 

In  regard  to  Professor  Baker's  paper  directly,  I  think  it  is  one 
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of  the  notable  papers  of  treatment  of  material  as  used  by  the  engi- 
neer. We  have  done  too  little  of  this  work.  We  have  confined 
ourselves  to  the  work  of  simply  finding  out  what  material  will 
stand  ultimately  in  one  test.  Materials  are  not  used  that  way  at 
all.  Materials  are  used  time  and  time  again,  and  thousands  and 
millions  of  times,  and  we  must  not  build  for  present  use  but  for 
future  use,  because  to  have  any  confidence  in  the  life  of  a  structure 
we  must  know  that  after  long  years  of  use  the  structure  will  be  as 
good  as  when  originally  constructed.  Professor  Lanza  made  ex- 
periments on  the  bending  of  shafts,  and  he  found  similar  results. 
He  had  not  strained  the  shaft  beyond  the  elastic  limit,  but  the  shaft 
broke.  We  know  too  little  about  the  exact  experiments  that  Mr. 
Baker  made  to  allow  us  to  criticise  the  results  closely.  He  tells  us 
that  these  results  are  simply  a  few — he  gives  simply  a  generaliza- 
tion of  the  experiments  he  has  made,  which  were  quite  numerous, 
and  oft  repeated.  Many  accidents  happen  in  every-day  life, 
especially  to  machinery  which  is  subject  to  largely  varying  strains, 
which  show  us  that  our  usual  custom  of  proportioning  parts 
according  to  the  actual  tensile  or  compressive  strength  of  material 
is  not  correct,  and  that  has  been  one  of  the  reasons  why  the  scien- 
tific engineer's  deductions  have  been  looked  down  upon  by  the 
practical  man,  who  says  if  you  proportion  this  according  to  the 
strength  of  that  little  piece,  you  are  all  wrong,  because  it  will  break 
in  a  little  while.  That  is  what  we  found  out  in  the  connecting  rod 
of  the  engine ;  that  we  were  not  proportioning  it  according  to  what 
the  rod  was  doing;  we  were  proportioning  it  by  testing  it  in  a  way 
in  which  it  was  not  at  all  used  in  the  structure ;  and  I  believe  that 
such  results  as  were  given  by  Mr.  Kent,  quoting  Mr.  Metcalf,  were 
deduced  from  a  very  small  number  of  tests,  and  they  should  not 
have  that  weight  which  these  results  given  in  the  paper  carry  with 
them,  made  -by  an  engineer  who  has  made  this  a  specialty,  par- 
ticularly with  the  object  in  view  of  determining  the  life  of  ma- 
terial, rather  than  by  one  who  has  made  only  a  few  to  determine  a 
particular  case.  I  think,  as  a  general  thing,  the  results  of  this 
paper  are  far  ahead  of  our  present  practice  in  engineering,  espe- 
cially  in  large  structures,  and  we  cannot  do  enough  to  find  out 
more  in  that  same  direction,  and  I  only  hope  that  we  will  get  more 
of  this  information  from  Mr.  Baker.     (Applause.) 

T  would  like  to  add  something  that  I  had  forgotten,  if  no  one 
else  wishes  to  speak. 

Mr.  Baker  has  made  a  little  remark  here  at  the  end  of  the  paper, 
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which  I  think  is  too  important  to  be  overlooked,  and  I  am  sorry 
that  no  one  of  the  members  here  has  called  attention  to  it  ;  it  is 
where  he  says  that :  "  In  my  experience  of  using  24,000  tons  of  steel 
I  have  not  had  as  many  failures  as  in  using  a  similar  quantity  of 
pounds  of  wrought  iron."  I  think  Mr.  Baker  is  an  engineer  who 
takes  an  advanced  standing  in  the  use  of  steel,  and  all  our  old  ibgy 
engineers  who  stick  to  wrought  iron  "will  be  surprised  at  that 
remark.  They  forget  that  this  steel  which  Mr.  Baker  speaks  of  is  a 
material  more  like  wrought  iron  than  anything  else  we  have,  only 
much  superior  to  it.  It  has  no  liber  and  no  slag  between  the  fibers. 
I  think  all  of  our  best  experience  leads  us  to  believe  more  strongly 
that  steel  of  that  character,  when  made  uniformly,  is  an  article  so 
far  superior  to  wrought  iron  that  it  is  only  a  "question  of  time  when 
the  latter  will  be  replaced  by  the  former. 

Mr.  Kent. — I  wish  to  make  a  remark  on  the  subject  of  which 
Prof.  Wood  and  Mr.  Henning  both  spoke,  in  regard  to  Prof. 
Kennedy's  observation  as  to  making  useless  a  bar  once  strained 
beyond  the  elastic  limit.  Mr.  Baker  differs  from  Prof.  Kennedy. 
Prof.  Wood,  I  believe,  differs  from  Prof.  Kennedy  and  agrees  with 
Mr.  Baker.  Mr.  Henning  disagrees  with  Mr.  Baker  and  Prof. 
Wood,  and  agrees  with  Mr.  Kennedy,  as  I  understood  it.  My 
preference  is  to  side  wilh  Mr.  Baker  and  Prof.  Wood  in  this  case. 
Suppose  we  have  four  tension  members  in  a  very  long  bridge  panel, 
each  of  which  would  break  with  say  fifteen  or  twenty  per  cent,  ex- 
tension. What  would  happen  if  we  should  take  one  of  these  mem- 
bers which  happened  to  be  a  trifle  short  and  stretch  it  one  per  cent, 
or  two  per  cent,  in  order  to  lengthen  it  to  fit  the  connecting  pin  1 
The  result  would  be,  as  far  as  we  know  from  the  experience  on 
record,  that  if  we  stretch  that  bar  one  per  cent,  or  two  per  cent,  we 
would  increase  its  initial  elastic  limit  a  little;  we  would  increase 
its  tensile  strength  somewhat;  we  would  change  its  condition  with 
reference  to  the  other  parts;  and,  therefore,  according  to  Mr. 
Henning's  statement,  we  would  make  that  structure  not  to  act  in 
harmony.  But  I  think  we  would  not  change,  as  far  as  I  know,  the 
modulus  of  elasticity  ;  that  is,  I  think,  a  thing  that  can  scarcely  be 
definitely  asserted  yet,  but  it  requires  experiment. 

Mr.  Henning. — I  would  like  to  correct  Mr.  Kent.  I  am  fully  in 
harmony  with  Prof.  Wood  and  Mr.  Baker.  I  was  speaking  with  re- 
spect to  the  modulus  of  elasticity.  I  said  the  relative  strain  due  to 
given  loads  ;  that  has  been  deduced  from  hundreds  of  experiments 
I  have  made  on  full-sized  bridge  bars.  The  results  of  these  experi- 
12 
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ments  have  shown  me  that  the  relative  strain  of  bars  decreases  as 
you  increase  the  stress  on  the  bars  beyond  the  elastic  limit,  upon 
repetition  of  stress.  Finally,  the  bar  will  break  without  any  strain 
and  at  a  higher  load  than  the  bar  originally  stood.  The  result  in 
those  four  bars  instanced  by  Mr.  Kent  I  will  explain  in  this  way. 
The  one  which  has  been  strained  will  not  stretch  as  much  as  the 
others,  but  will  pull  unequally  on  the  pins.  The  pins  will  stand 
at  an  angle  with  one  another.  They  will  begin  to  twist  the 
structure.  Then  that  bar  will  stand  more  strain  than  the  other 
bars  until  those  pins  begin  to  stand  parallel  again,  and  that  bar 
will  continue  to  be  stretched,  and  it  will  again  be  strained  beyond 
the  elastic  limit  before  it  will  be  as  long  as  the  other  bars.  Now, 
this  bar  is  to  some  extent  out  of  harmony  with  the  others,  and  it 
does  not  come  into  play.  The  result  is  that  the  other  bars  are 
carrying  more  load  than  they  are  intended  for,  and  the  total  stretch 
of  the  bar  will  not  be  the  same,  and  it  will  cause  unsymmetrical 
deflection  of  the  bridge. 

I  am  in  harmony  with  Mr.  Baker  in  what  he  asserted  ;  only  I 
want  to  point  out  that  Prof.  Kennedy  and  Mr.  Baker  were  speak- 
ing in  a  different  way.  They  were  not  looking  at  the  same  problem 
from  the  same  point  of  view.     Each  was  right  in  his  way. 

Mr.  J.  T.  Hawkins. — Referring  to  the  experiments  of  Prof. 
Thurston  with  his  torsion  machine,  and  others  alluded  to  by  Prof. 
AVood,  my  recollection  of  the  former  is,  that  specimens  having  been 
strained  to  the  yielding  point  or  slightly  beyond  the  limit  of  elas- 
ticity, they  were  allowed  to  rest  for  a  certain  time  under  the  stress 
which  caused  them  to  yield,  or  nearly  that,  and  that  after  a  given 
time  it  was  found  that  they  had  so  far  recuperated,  under  these 
conditions,  that  the  elastic  limit  became  higher  than  before. 

I  would  like  to  ask  Prof.  Wood  if,  in  connection  with  these  tests, 
any  experiments  were  made  in  which,  after  reaching  or  slightly  ex- 
ceeding the  elastic  limit,  the  specimens  were  allowed  to  recuperate 
not  under  stress — that  is,  immediately  upon  the  commencement  of 
yielding — removing  all  stress  and  allowing  them  to  remain  in  that 
condition  for  an  equal  time  with  those  specimens  which  recuperated 
under  stress  ? 

If  such  tests  were  had,  I  would  also  ask  him  if  any  tabulated  or 
plotted  results  have  been  made,  so  that  they  might  be  compared  in 
the  two  cases?  I  can  see  that  such  data  as  might  be  gotten  at  in 
this  way  would  be  very  valuable  :  fur  instance,  it  would  be  exceed- 
ingly well  to  know  the  results  of  such  experiments  as  applied  to  the 
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case  given  by  Mr.  Kent.  Perhaps,  however,  this  has  been  thor- 
oughly gone  through  with,  but  I  do  not  remember  seeing  anything 
of  the  kind. 

Professor  Wood. — Experiments  were  made  in  the  Institute  under 
the  direction  of  Professor  Thurston,  with  his  automatic  torsion 
machine,  in  which  pieces,  after  being  twisted  considerably  beyond 
their  elastic  limit,  were  entirely  relieved  of  stress,  and  after  resting 
for  a  shorter  or  longer  time,  were  again  twisted.  It  was  found 
that  good  fibrous  iron  thus  treated  exhibited  increased  elasticity 
when  again  twisted.  These  facts  are  shown  in  the  large  cut  in 
Part  II.  of  Thurston' 's  Materials  of  Engineering  •  or,  in  my 
Treatise  on  the  Resistance  of  Materials.  Possibly  Mr.  Hawkins' 
question  will  be  more  specifically  answered  by  the  table  on  page 
602  of  Thurston's  work  just  referred  to. 

Mr.  H.  R.  Toione. — Mr.  Henning  has  called  attention  to  the 
fact  that  the  experiments  mentioned  in  the  paper  are  quite  few  in 
number,  and  the  inference  is  given  that  they  are  examples  of  a 
very  large  number  That  may  be  so,  and  if  it  is  so  it  will  quality 
what  I  have  to  say.  Bat  there  is  one  indication  which  they  give 
which  makes  it  Regrettable  that  the  experiments  were  not  carried 
farther  ;  for  the  reason  that  it  appears  that  they  go  up  to  the  point 
of  indicating, the  best  results— or  near  to  it — and  stop  short.  Take 
for  instance  Series  No.  1,  on  page  4.  If  we  were  to  plot  the  results 
there,  showing  in  the  first  place  the  number  of  revolutions  causing 
rupture,  as  indicated  in  the  first  column  (by  the  way,  unless  the 
paper  is  read  quite  carefully,  I  think  it  will  not  be  clear  at  first 
that  the  figures  indicating  the  number  of  revolutions  are  those  giv- 
ing  the  number  of  revolutions  which  the  shaft  or  piece  stood 
before  breaking;  this  is  apparent  on  careful  reading,  but  it  is  not 
stated  directly) — if  we  take  these  as  representing  the  ordinates  and 
the  stress  per  square  inch  the  abscissa,  we  may  trace  the  curve  so 
produced.  We  start  with  only  40,000  revolutions,  with  a  stress 
per  square  inch  of  36,000  pounds,  and  continue  until  with  only 
26,000  pounds  stress  per  square  inch  we  get  14,000,000  revolu- 
tions. So  again,  with  hard  steel,  starting  with  less  than  6,000 
revolutions  and  67,000  pounds  of  stress  per  square  inch,  increasing 
the  number  of  revolutions  to  472,000,  the  stress  is  reduced  to 
34,000,  giving  us  another  diagram.  In  bar  iron,  the  third  set  of 
figures,  the  diagram  would  be  somewhat  different  again,  and  so  on 
all  through.  Taking  the  Series  No.  2.  on  the  fifth  page,  where  the 
number  of  bends  at  a  stress  of  44,000  pounds  is  only  12,000;  if 
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the  stress  is  reduced  to  34,000  pounds,  the  number  of  revolutions 
rises  to  over  three  millions. 

Now  it  appears  from  this  that  after  reducing  the  stress  to  a 
certain  point  the  increase  in  the  endurance  of  the  specimen  be- 
comes very  rapid,  and  that  the  series  was  not  carried  to  the  point 
where  that  rapidity  of  gain  ceases ;  whereas  it  would  be  much 
more  interesting  and  probably  more  valuable  to  us  if  the  series 
whs  continued  still  further  to  show  the  ultimate  development  of 
the  cause,  for  the  reason  that  the  stresses  at  which  the  test  series 
terminate — 34,000  pounds  in  the  one  case  and  26,000  pounds  in 
the  other — are  still  above  the  working  limits  of  practice. 

The  figures  cited  from  the  London  and  Northwestern  Bridge, 
the  Conway  Bridge — are  particularly  interesting — as  showing  that 
here  is  a  structure  which  has  endured  for  thirty-six  years,  appar- 
ently with  a  factor  of  only  two  and  a  half  or  two  ;  but  as  offsetting 
that  it  should  be  remembered  that  that  bridge  was  built  under  the 
most  skillful  engineering  supervision,  with  extreme  care  in  the 
proportioning  of  parts,  in  the  testing  of  material  and  in  the  inspec- 
tion of  the  work  as  done,  and  that  the  ratio  of  the  static  load  to 
the  live  load  is  unusually  large  by  reason  of  the  nature  of  the  struc- 
ture. This  latter  fact  is  one,  I  think,  which  comes  into  most 
bridge-work,  and  does  not  appl)  to  machine  designs ;  namely,  that 
where  the  static  load  is  very  large  "in  proportion  to  the  live  load  a 
much  smaller  factor  or  margin  can  be  adopted  than  in  structures 
where  the  entire  stress,  or  nearly  the  entire  stress,  is  due  to  the 
live  load. 

Several  of  the  speakers  this  morning  have  alluded  to  the  effect 
of  the  straining  of  material  beyond  its  elastic  limit,  and  I  may 
emphasize  what  I  have  previously  said  as  to  the  fact  of  this  being 
beneficial  by  citing  the  case  of  chains,  in  which  for  a  long  time  it 
has  been  the  practice  in  the  concern  with  which  I  am  connected  to 
stretch  the  material  purposely  beyond  its  elastic  limit,  both  to 
increase  its  strength,  and  also  to  decrease  and  define  its  stretching 
point.  Chain  made  of  soft  iron  of  considerable  ductility  stretches 
'  inevitably  as  soon  as  it  is  loaded  even  to  less  than  its  intended 
limit,  and  that  stretching  tends  to  alter  the  pitch  of  the  chain. 
Where  it  is  important  that  the  pitch  shall  be  constant,  in  order  to 
overcome  that  tendency  the  chain  is  stretched  initially,  when  first 
made,  to  a  point  beyond  the  intended  load  that  it  is  to  work  under, 
and  a  permanent  set  thereby  given  it  which  brings  it  to  its  final 
and  intended   pitch.     After  that,  so  long  as  the  loads  are  kept 
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within  the  intended  limit,  whieh  is  considerably  below  the  stretch- 
ing load  pot  upon  it  for  this  purpose,  no  further  change  will  take 
place.  The  elastic  strength  of  the  iron  has  undoubtedly  been 
increased  by  giving  it  this  initial  set.  The  6ame  beneficial  result 
can  be  obtained  in  any  material  by  treating  it  in  like  manner.  It 
is  important  to  know  the  exact  amount  of  load  which  is  put  on  in 
this  way;  otherwise  the  material  may  be  injured  by  unduly  stretch- 
ing it. 
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BY   WILLIAM   COWLES,  NEW  YORK.  CITY. 

(Member  of  the  Society.) 

The  United  States  Government  regulations  concerning  the  mat- 
ter provide  that  all  steamers  shall  be  equipped  with  a  steam  pump 
or  pumps  so  connected  as  to  be  used  in  case  of  fire,  together  with 
a  small  supply  of  2J-inch  hose,  pipes,  axes,  etc. ;  but  this  has  refer- 
ence only  to  self-protection.  Heretofore  it  has  been  a  common  cus- 
tom among  corporations  having  much  property  on  water  fronts  or 
afloat  to  equip  their  tugs  with  a  steam  pump  larger  than  required 
by  law,  and  with  a  little  extra  hose  to  be  used  for  the  tire  protec- 
tion of  their  property  on  shore  or  on  other  vessels.  Several  years 
ago,  a  number  of  city  governments  began  to  take  up  and  enlarge  on 
this  idea,  and  in  1884  there  were  a  number  of  fire  tugs,  regularly 
owned  or  chartered  as  such,  beino-  used  and  managed  in  connection 
with  city  fire  departments.  But  these  boats  are  essentially  tugs 
equipped  with  comparatively  small  fire  pumps,  and,  with  the  ex- 
ception of  the  Zophar  Mills  of  Xew  York  City,  have  very  little 
pumping  capacity. 

As  far  as  known  to  the  writer,  it  was  in  the  year  1885  that  the 
first  floating  fire  engine,  self-propelling  and  of  high  power,  was 
designed  and  built ;  this  was  the  Seth  Low  of  the  Brooklyn  Fire 
Department.  (See  Figs.  53  and  55.)  Since  the  Seth  Low,  two  others 
somewhat  similar,  but  with  improvements,  have  been  designed  and 
are  now  built  and  in  service,  one  in  Cleveland  (see  Figs.  55  to  59), 
the  other,  the  Geyser,  in  Chicago  (see  Figs.  60  and  61).  Two  de- 
signs, one  wood  the  other  iron,  were  made  for  the  Cleveland  boat, 
and  after  receiving  bids  on  both,  the  wooden  boat  was  decided 
upon  and  built. 

A  Comparative  Table  has  been  prepared  showing  these  three  boats 
in  contrast  with  the  Zophar  M Uh,  the  largest  and  best  of  their  Ameri- 
can predecessors,  and  the  J/<  rryweathe?',  an  English  contemporary 
built  in  1886,  which  seems  to  have  been  the  first  of  its  kind  across  the 
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water,  and  of  which  the  chairman  of  the  London  Fire  Brigade  Com- 
mittee is  reported  to  have  said,  "  It  is  unquestionably  what  the  com- 
mittee requires  on  the  Thames."  *  The  Merryiveather  was  built  by 
Messrs.  Merry  weather  &  Sons,  Engineers,  London,  to  the  order  of  the 
Egyptian  Government,  for  use  at  Alexandria,  and  is  undoubtedly 
an  excellent  fire  engine  of  great  capacity,  considering  her  size,  and 
may  be  assumed  to  be  very  well  suited  to  a  port  like  Alexandria, 
but  her  suitability  is  not  so  obvious  for  use  on  the  water  fronts  of 
London  or  any  other  very  large  port.  Her  reported  maximum  fire 
capacity  is  a  single  lf-inch  to  2-inch  stream  thrown  200  feet;  about 
equal  to  one  first-class  shore  fire  engine  of  the  largest  size  used  in 
American  cities.  That  is,  it  would  take  from  eight  to  ten  Merry- 
weathers  to  equal  one  such  boat  as  Chicago  has  in  the  Geyser,  and 
the  latter  is  none  too  large  for  efficient  use  in  a  large  city.  The 
table  indicates  also  a  marked  difference  between  the  modern  boats 
and  the  Zophar  Mills  in  dimensions,  cost  and  capacity.  The  latter 
boat  is  simply  an  enlargement  of  the  tug  idea,  an  enlargement 
which  makes  her  very  cumbersome  and  expensive.  One  of  the 
unparalleled  advantages  in  having  fire  boats  is  the  capacity  thus 
obtainable  for  throwing  large  streams  at  a  large  fire.  Little  streams 
from  f-ineh  to  lf-inch,  such  as  the  ordinary  single  shore  engine  can 
throw,  are  almost  useless  at  a  large  fire  except  to  keep  it  from 
spreading;  they  are  vaporized  lief  ore  they  can  penetrate,  thus  even 
adding  to  the  fire,  whereas  a  strong  2^-inch  to  3i-inch  stream  will 
tear  its  way  through  walls,  partitions,  goods,  etc.,  into  the  heart  of 
a  big  fire  and  break  it  up  so  that  the  small  streams  can  operate  on  it 
effectively.  There  are  very  few,  if  any,  firemen,  even  in  large 
cities,  who  know  much  about  streams  above  two  inches  in  diameter; 
we  must  go  to  these  modern,  high-power  fire  boats  to  find  out  the 
power  required  and  the  effect  with  larger  streams.  So  far  as  known, 
there  are  almost  no  data  published  in  regard  to  the  velocity,  nozzle- 
pressure,  volume  of  water  and  power  required  in  fire  streams  above 
If-  inches  diameter.  When  these  fire  boats  have  been  thoroughly 
experimented  with,  this  knowledge  can  be  obtained  for  streams  up 
to  4  inches  diameter.  It, is  to  be  regretted  that  this  has  not  yet 
been  done.  The  certain  increase  in  the  efficiency  of  larger  fire 
pumps,  with  their  larger  areas  and  passages,  over  that  obtained  in 
the  smaller  pumps  of  shore  fire  engines  is  an  important  item. 

The  main    features  in  the  design  of  a  high-power  fire  boat  are 
the  boiler  and   pumps,  of  course.     The  boiler   must   have  all  the 
*See  Engineering,  June  18th,  1S86. 
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capacity  which  can  be  got  on  a  certain  prescribed  displacement, 
which  means  two,  three  and  even  four  times  the  capacity  of  that 
in  an  ordinary  tug  of  similar  dimensions.  The  hull  and  motive 
machinery  must  be  secondary  matters,  as  in  a  dredge  or  floating  ele- 
vator. But  maneuvering  power  and  speed,  in  the  order  mentioned, 
are  also  very  important  items.  Then,  too,  the  boats  for  each  port 
or  locality  must  have  an  individuality  of  their  own.  A  boat  de- 
signed to  suit  the  conditions  and  hydrographic  features  of  one  port 
might  be  entirely  unsuitable  in  another.  It  would  make  far  too 
long  a  paper  to  go  into  details  in  these  matters.  The  plans  and 
table  will  give  much  information  as  to  detail  to  those  who  feel  in- 
terested enough  to  go  into  the  matter.  Your  attention  will  be 
called,  however,  to  a  few  points. 

The  ordinary  "  Scotch  "  boiler  is  much  lighter  per  square  foot  of 
heating  surface  than  the  "water  leg"  boilers,  and  for  that  and  sey 
eral  other  important  reasons  it  was  adopted  by  the  writer  as  the 
best  type  which  could  be  used  under  the  circumstances.  By  careful 
designing,  and  by  specifying  the  best  material  obtainable  in  the 
market  and  the  best  methods  of  workmanship,  it  was  proved  that 
the  weight  of  this  type  of  boiler,  per  square  foot  of  heating  surface, 
could  be  reduced  from  50  lbs.  and  over,  as  in  transatlantic  steam- 
ships and  United  States  naval  vessels,  to  35.26  lbs.  in  the  Seth 
Low,  35.  lbs.  in  the  Cleveland  fire  boat  and  31.9  lbs.  in  the  boiler 
of  Chicago's  Geyser.  This  calculated  weight  includes  water  to  4 
inches  above  highest  heating  surface,  felting  and  asbestos,  breech- 
ing, grates,  saddles,  stack  and  attached  valves. 

These  boats  are  not  intended  for  sea-service,  and  therefore  it  was 
permissible  to  carry  the  water  line  higher  and  use  a  dry  pipe.  A 
ratio  of  38  to?l  was  also  used  between  the  heating  and  grate  sur- 
face on  account  of  having  a  forced  draught.  These  two  features  ex- 
plain part  of  the  reduction  in  weight ;  the  rest  of  it  comes  by  using 
the  highest  grade  of  material  and  workmanship,  and  in  cutting  out 
the  useless  and  "  dead  "  water  spaces  below  the  furnaces  by  putting 
in  extra  fire  tubes  and  a  "  regenerating  "  flue  for  admitting  heated 
air  into  the  back  connection.  , 

Besides  the  great  advantage  of  throwing  large  streams  and  having 
special  and  rapid  accessibility  to  all  water-front  or  harbor  lires,  a 
properly  designed  fire  boat  need  not  have  her  field  of  operations 
confined  to  the  water  front.  She  may  be  given  such  a  capacity  as 
to  make  her  a  large  movable  pumping  station  capable  of  carrying 
her  equipment,  crew,  coal,  etc.,  to  the  nearest  practicable  point,  and 


PIRE   BOATS.  185 

operating  from  that  point  with  unlimited  water  supply  upon  a  fire 
1,200  to  1,500  feet  distant,  through  several  lines  of  hose  of  large  size. 
And  even  beyond  this  1, 500-foot  belt,  fire  boats  can  be  used  to  re- 
inforce shore  engines,  the  latter  either  connecting  their  suctions 
direct  to  the  delivery  from  the  fire  boat,  or  the  boat  can  deliver 
into  tanks  from  which  the  engines  can  draw.  Scarcity  of  water  for 
large  fires  is  a  tiling  of  which  many  large  cities  have  to  complain. 
Again,  special  pipes  or  mains  can  be  laid  connecting  the  nearest 
convenient  point  on  the  water  front  with  any  desired  building  or 
district  in  a  city,  the  fire  boat  connecting  with  the  main  and  oper- 
ating somewhat  on  the  Holly  system. 

These  fire  boats  are  designed  to  keep  up  steam  constantly.  A 
banked  fire  in  one  of  the  furnaces,  with  the  others  primed  ready  to 
start,  is  found  to  work  well.  The  boats  are  put  on  the  regular  fire 
alarm  and  telephone  circuits  by  special  slip  cable  connecting  with 
the  instruments  permanently  located  in  the  pilot-house,  and  the 
boats  can  make  much  better  time  in  going  to  a  fire  than  the  shore 
engines  can,  because  they  are  able  to  start  as  quickly,  have  gener- 
ally less  obstruction,  and  always  very  much  more  speed.  When  we 
consider  the  cost  of  real  estate  and  building  in  a  city  of  the  first  or 
second  class,  it  is  plain  that  a  first-class  fire  boat,  fully  equipped  and 
with  a  capacity  for  throwing  six  to  eight  strong  two-inch  streams, 
can  be  had  at  about  the  same  cost  as  a  shore  engine  throwing  one 
two-inch  stream,  when  to  the  cost  of  the  latter  is  added  the  out- 
lay for  hose  and  carriage,  equipment,  house  and  lot,  horses  and 
other  matters  necessary  to  maintain  the  engine  and  crew.  It  is 
safe  to  say  that  an  improved  form  of  floating  fire  engine  is  the 
cheapest  and  by  far  the  most  efficient  method  for  the  fire  protec- 
tion of  shipping  and  water-front  districts  in  large  or  i mall  ports, and 
that  such  machines  are  destined  to  come  into  more  general  favor. 
From  the  studies  and  experience  of  the  writer  in  the  matter  he  has 
concluded  that  it  is  quite  possible  to  build  and  equip  complete 
ready  for  service  a  small  floating  fire  engine  with  a  capacity  of  two 
to  three  first-class  shore  engines  (two  to  three  2-inch  streams),  suit- 
able for  a  small  port,  for  820,000,  and  one  of  half  this  capacity  for 
$14,000.  This  includes  the  cost  of  hose,  pipes,  nozzles,  etc.,  which 
is  always  quite  a  large  item. 
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DISCUSSION. 


Mr.  W.  B.  Le  Van. — I  would  only  state  that  the  value  of  fire 
boats  is  so  important  a  matter  that  all  the  police  boats  of  the  city 
of  Philadelphia  are  now  made  fire  boats. 

Mr.  J.  W.  Cole. — I  would  suggest,  in  speaking  of  these  tugs,  that 
in  the  year  1868  the  tug  John  Fuller  threw,  I  think,  8  two-inch 
streams,  and  was  chartered  as  a  fire  boat  by  the  city  of  New  York, 
and  by  Philadelphia,  I  think,  in  1869,  to  assist  them,  when  they 
had  low  water  in  the  Schuylkill,  in  pumping  into  Fairmount  Reser- 
voir. As  a  wrecking  tug,  she  would  throw  a  solid  twenty-inch 
stream  over  her  side.     She  had  a  Niagara  pump  built  in  Brooklyn. 
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CCXXXIV. 

FORMULA  AND  TABLES  FOR  CALCULATING  THE 
EFFECT  OF  THE  RECIPROCATING  PARTS  OF 
HIGH  SPEED  ENGINES. 

BY  GEO.  I.  ALDEN,  WORCESTER.  MASS. 

OMember  of  the  Society.) 

The  effect  of  the  reciprocating  parts  of  an  engine  upon  the  press- 
ures transmitted  to  the  crank  pin  at  different  points  of  its  path 
has  been  fully  treated  by  Mr.  ("has.  T.  Porter,  and  subsequently 
much  has  been  written  upon  the  same  subject  by  other  authors. 
Some  recent  articles  upon  High  Speed  Engines  have  attracted  the 
attention  of  the  writer,  and  led  him  to  review  and  to  put  into  con- 
densed form  his  own  researches  upon  the  subject,  and  to  compute 
tables  by  means  of  which  the  results  of  analytical  research  may  be 
made  more  easily  available  for  practical  use. 

To  permit  verification  of  the  formulas  and  methods  employed, 
the  complete  analysis  is  briefly  given,  followed  by  the  tables,  with 
an  explanation  of  the  manner  in  which  they  may  be  used.  There 
is  also  given  a  graphical  method  of  determining  the  amount  of 
cushioning  or  lead  required  to  absorb  the  surplus  energy  of  the 
reciprocating  parts  as  they  are  brought  to  rest  at  the  end  of  the 
stroke. 

ANALYSIS. 

Notation. 

Let  A  —  piston  area  in  inches. 

"  P  =  effective  pressure  per  square  inch. 

"  2r  =  stroke  (r  =  crank). 
"       I  =  length  of  connecting  rod. 

"  a  —  crank  angle. 

"      d  =  angle  of  connecting  rod  with  line  of  centers. 

"  n  —  ratio  of  crank  to  connecting  rod. 
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Let  M  =  mass  of  reciprocating  parts. 

"  10  —  weight  of  reciprocating  parts. 
«      v  =  velocity  of  reciprocating  parts. 

"  cp  —  acceleration  of  reciprocating  parts. 

"  v'  =  velocity  of  crank  pin,  considered  uniform. 

,('  ]V  =  number  of  revolutions  per  second. 

"  II  =  horizontal  pressure  transmitted  to  connecting  rod. 

"  R  =  thrust  (or  pull)  on  connecting  rod. 

"  T  ==  component  of  It  at  right  angles  to  crank  on  forward 

stroke. 

"  T'  —  same  component  on  return  stroke. 

"  T0  =  resistance  of  load  at  crank  pin. 

"  dt  =  an  infinitesimal  increment  of  time. 

The  total  effective  pressure  upon  the  piston  being  at  any  instant 
PA,  the  amount  of  this  force  transmitted,  horizontally  to  the  con- 
necting rod  is  R  =  PA  —  M<p.* 

But  R  =  //sec  0  =  {PA  -  2Icp)  sec  0. 

T  =  R  sin  (a  +  d)  =  {PA  -  M<p)  sec  6  sin  (a  +  6) 

Eliminating  6  by  the  relation  r  sin  a  =  I  sin  6,  we  have 


T=  (PA    -  J/*)  (1  +  -^L^=       „  a.     . 

VI  —  n   sin    a, 


The  formula  for  the  velocity  of  the  piston  is  : 


n  cos  a 

v  =  v  sin  a  (  — +  1 ) (2.) 

v-y/l  —  ?i2  sin   a 


a>  =  —  ;  and  since  rda  ~  v'dt  we  have  : 
at 


*  It  is  assumed  that  the  velocity  of  rotation  is  uniform  ;  and  also  that  the  ac- 
celeration of  all  the  reciprocating  parts  is  the  same  as  that  of  the  piston. 
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v'  -  dv 


<p  = 


da 


Performing  the   differentiation,  substituting  the 


resulting  value  of  cp  in  (1),  and  putting  31  =  —  and  v  =  2\nrN,  we 
liave : 

T  = 

n3  sin3  (2a) 


"      .        w    .    -    ,^2  /      n  cos  (2a) 

PA •  4:7rrJS  2  (  —  v    ^ —  + 

9  \a/1  —  ?c  sin2  a 


+  cos  a 


a  cos  a 
1  -      ,-  .-,    .=^= )  sin  a.     .     (3.) 

VI  —  ft?  sin-  o.' 


(1  —  /<-  sin2  a)% 

This  may  be  written  as  follows: 

T  =  {PA  -  -  ■  ±7zW*C)D  ;  or  better, 

T=  PAD  -  1.226wrjV2CD (4j 

Denote  the  value  of  Tfor  the  return  stroke  by  T\  and  substitute 
(180°  +  a')  for  aju  formula  (3),  remembering  that  PA  becomes 
negative  when  it  changes  direction,  and  we  have 

'PA  +  ™  •  MrN*  (       n_™  g^'L     + 


T  = 

g  \V(1  -  n2  sin2  a') 

-cosa'Wl-      J^^L-\s\*a'.      ■     (4.) 
(1  -•  n-  sin2  a'f  /  J  \          Vl  -  ^9  sin2  a'/ 

Or  in  abbreviated  form, 

2"=  PAD'  +  1.226wrJV^C'D' (5.) 

The  tables  which  follow  give  values  of  C,  J),  C,  and  D\  for 
every  ten  degrees  of  the  crank  circle  in  both  forward  and  return 
stroke. 

General  Remarks. 

Each  table  has  a  column  giving  the  piston  position  in  fractions 
of  the  stroke,  corresponding  to  the  crank  angles  in  the  left  hand 
column.  The  tables  give  the  common  logarithms  of  G  and  D, 
with  ten  (10)  added  to  the  characteristic  whenever  it  is  negative. 
Angles  and  distances  in  the  forward  stroke  are  reckoned  from  the 
initial  position  of  crank  and  piston  respectively.  For  the  return 
stroke,  angles  and  distances  are  reckoned  from  the  180°  position  of 
13 
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the  crank  and   the  corresponding  piston   position.     The  indicator 
cards  in  Figs.  62  and  63  are  taken  from  an  illustrated  catalogue  of 


Fig.62 


«•  -y 
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Fig.  63 
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SCALE. 
32  Pounds  to  the  Inch. 


the  Porter-Allen  steam  engine,  and  are  there  given  as  cards 
actually  taken  from  one  of  their  16"  x  30"  engines.  In  all  the 
calculations,  energy  i9  reckoned  in  foot-pounds. 
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Fig.   65   is   merely  a   sketch   for  illustration   of   the   graphical 
method  explained  in, the  text  referring  to  it. 


TABLE   I. 
RATIO  OF   CRANK  TO  CONNECTING   ROD,  {. 

Forward  Stroke. 


CRANK  ANGLES  OR 

PISTON  POSITIONS. 

LOG  C. 

LOG  D. 

VALUES  OF  a. 

0° 

.0000 

0.095910 

10° 

.0095 

0.086993 

9  335355 

20° 

.0374 

0.056303 

9.626000 

30° 

.0826 

0.001612 

9.784518 

40° 

.  1429 

9.916864 

9.885082 

50° 

.2156 

9.788586 

9.950106 

60° 

.2974 

9.584952 

9.989855 

70° 

.3849 

9.189855 

0.013676 

80° 

.4747 

'8.824386 

0.012380 

90° 

.5635 

9.397940 

0.000000 

100° 

.6484 

»i 

9.617042 

9.973450 

110° 

.7270 

g 

9.723628 

9.933647 

120° 

.7974 

4 

9.789193 

9.878028 

180° 

.8584 

>■ 

9.826717 

9.806600 

140° 

.9090 

'S 

9.848989 

9.714385 

150° 

.9487 

c3 

SB 

9.862930 

9.592333 

160° 

.9772 

9.869795 

9.417259 

170° 

.9948 

9.873808 

9.116782 

180° 

1.0000 

9.875061 
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TABLE  II. 

KATIO   OP  CRANK  TO  CONNECTING   ROD,   \, 

Return  Stroke. 


CRANK  ANGLES   OR 

PISTON  POSITIONS. 

LOG  C'. 

LOG  D'. 

VALUES   OF  a'. 

0° 

.0000 

"9.875061 

, 

10° 

.0057 

9.873808 

9.116782 

20° 

.0228 

to 

9.869705 

9.417259 

30° 

.0513 

z 

9.861270 

9.592333 

40° 

.0919 

+i 

9.848989 

■  9.714385 

60° 

.1415 

>  i 

9.826717 

9.806600 

60° 

.2025 

9.789192 

9.878028 

70° 

.2730 

bD 

9.723628 

9 . 933647 

80° 

.3516 

ft 

9.617042 

9.973450 

90° 

.4364 

0.000000 

1(J0° 

.5252 

8.824386 

0.012380 

110° 

.6150 

9.189855 

0.013676 

120° 

.7025 

9.584952 

9.989855 

130° 

.7844 

9.788586 

'     9.950106 

140° 

.8570 

9.916-64 

9.885082 

150° 

.9173 

0.001612 

9.784518 

160° 

.9625 

0.056303 

9.626000 

170° 

.9905 

0.086993 

9.335355 

180° 

1.0000 

0.096910 

TABLE  III. 

RATIO   OF  CRANK  TO   CONNECTING  EOD,  £. 

Forward  Stroke. 


CRANK   ANGLES  OR 

PISTON  POSITION8. 

LOG  C. 

LOG   D. 

VALUES  OF  a. 

0° 

.0000 

0.079181 

10° 

.0091 

0.069594 

9.317793 

?0° 

.0360 

0.040045 

9.609014 

\',{)° 

.0795 

9.987943 

9.768675 

40" 

.1377 

9.907960 

9.870461 

50° 

.2081 

9.789363 

9.937370 

60c 

.2877 

9.607187 

9.979526 

70' 

.3735 

9.277678 

0.002225 

80° 

.4621 

f 8. 231979 

0.008491 

90' 

.5506 

9.309895 

0.000000 

100' 

.6358 

TO 

9.561530 

9.977689 

110° 

.7156 

£ 

9.694175 

9.941637 

120" 

.7877 

ED 

9.774700 

9.891035 

130" 

.8509 

>1 

9.826003 

9.823723 

140 ; 

.9037 

9.859174 

9.735181 

150" 

.9455 

bfl 

9.880494 

9.615897 

160° 

.9757 

CD 

to 

9.893645 

9. 443: 194 

170° 

.9939 

9.900815 

9.144342 

180° 

1.0000 

9.903090 
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TABLE  IV. 

EATIO   OF   CRANK   TO   CONNECTING   ROD,  \. 

Return  Stroke. 


CRANK   ANGLES   OR 

PISTON  POSITIONS. 

LOG  C'. 

LOG  D'. 

VALUES   OF   a'. 

0° 

.0000 

" 9. 903090 

10° 

.0061 

9.900815 

9.144342 

20° 

.0243 

03 

9.893645 

9.443394 

30" 

.0544 

9.880493 

9.615897 

40° 

0962 

O 

9.859174 

9.735181 

50° 

.1491 

I' 

9.826004 

9.823723 

60' 

.2122 

"■+2 

9 . 774700 

9.891035 

70" 

.2844 

be 

9.694175 

9.941637 

80 

.3642 

9.561530 

9.977689 

90 

.4494 

9.309895 

0.000000 

100° 

.5373 

8.231979 

0.008491 

110' 

.6264 

9.277678 

0.002225 

1-0 

.7122 

9.607187 

9.979526 

130° 

.7918 

9.789363 

9.937370 

140 

.8623 

9.907960 

9.870461 

150' 

.9205 

9.987943 

9.768675 

160° 

.9640 

0.038973 

9.609014 

170° 

.9909 

0.069594 

9.317793 

18!) 

1.0000 

0.079181 

TABLE  V. 

EATIO   OF   CRANK  TO   CONNECTING   ROD,  \. 

Forward  Stroke. 


CRANK   ANGLES  OR 

PISTON  POSITIONS. 

LOG  C. 

LOG   D. 

VALUES  OF  a. 

oc 

.0000 

0.066923 

10° 

.0088 

0.057646 

9.305698 

20 

.0350 

0.029184 

9.597337 

30° 

.0774 

9.979156 

9:757710 

40° 

.1342 

9.902927 

9.860538 

50° 

.2031 

9.791136 

9.928818 

60D 

.2814 

9.622587 

9.972640 

70  ' 

.3610 

9.331913 

9.91*7346 

80" 

.4538 

8.188647 

0.005908 

90° 

.5580 

'9.227964 

0.000000 

100° 

.6275 

9.520955 

9.980418 

uoc 

.7880 

5 

9  671451 

9.947166 

120° 

.7814 

« 

9.763907 

9.899:;2i; 

130" 

.8459 

i- 

9.808069 

9.83451)0 

14M 

.9003 

9.864736 

9.748374 

156' 

.9435 

9.891493 

9.671023 

160° 

.9747 

9.008416 

9.459946 

170' 

.9936 

& 

9.917856 

9.16477:.' 

180° 

1.0000 

[9.920822 
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TABLE  VI. 

RATIO   OF   CRANK   TO   CONNECTING   ROD,  £. 

Return  Stroke. 


CRANK    ANGLES   OB 

PISTON   POSITIONS. 

LOG   C'. 

LOG  D'. 

VALUES  OF  a'. 

0° 

.0000 

f 9. 920822 

10° 

.0"64 

9.917856 

9  164772 

20° 

.0253 

g 

9.908416 

9.459946 

30° 

.0565 

9.891493 

9.671G23 

40° 

.0997 

~  J  9.864736 
|  ]  9.808069 

9.748374 

50° 

.1541 

9  834590 

60° 

.2185 

<& 

9.763907 

9 . -99326 

70° 

.2919 

9.671451 

9.947KJ6 

80° 

.3725 

£ 

9.520955 

9.980418 

90° 

.4419 

[9.227961 

0.000000 

100° 

.5461 

9.188647 

0.005908 

110° 

.6389 

9.331913 

9.997346 

120° 

.7185 

9  622587 

9.972640 

130° 

7968 

9.791136 

"   9.928818 

140° 

.8657 

9.902927 

9.860538 

150° 

.9225 

9.979156 

9.757710 

160° 

.9649 

0.029184 

9.597:337 

170° 

.9911 

0.057646 

9.305698 

180° 

1.0000 

0.066923 

To  illustrate  the  manner  of  using  the  tables,  let  us  solve  the 
following  problem  : 

Given — Diameter  of  cylinder 16" 

Stroke  (=  2r) 30" 

Length  of  connecting  rod 60" 

Weight  of  reciprocating  parts 500  lbs. 

No.  of  revolutions  per  second 2.5 

Area  of  piston  (average  of  2  sides) 200  sq.  in. 

Also  given  the  indicator  cards,  either  actual  or  theoretical. 

Required,  1st.  The  diagram  showing  the  actual  distribution  of 

energy  to  the  crank  pin. 
2d.  The  diagram  showing  how  the  energy  would  be 

distributed  if  not  affected  by  the  reciprocating  parts. 
3d.  The  effect  of  reciprocating  parts. 
4th.   The  value  of  the  term  A  E  in  Rankine's  formula 

for  fly-wheel. 

To  construct  the  required  diagram,  first  compute  the  values  of 
T  for  the  forward  stroke  from  the  formula 

T  =  PAD  —  1.226wJ\T8£Z>. 
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The  values  of  P  for  piston  positions,  corresponding  to  each  ten 
degrees  of  the  forward  stroke,  are  obtained  from  Fig.  62,  and  are 
represented  by  the  lengths  of  the  ordinates  included  between  the 
admission  and  expansion  line  of  the  forward  stroke,  and  the  ex- 
haust and  compression  line  of  the  opposite  card.  [A  convenient 
way  of  drawing  these  ordinates  is  to  multiply  the  traction  of  the 
stroke  as  given  in  the  second  column  of  the  appropriate  table  by 
the  length  of  the  card  in  inches.  The  result  will  be  the  distance  ot 
the  ordinate  (in  inches)  from  the  end  of  the  card.] 

Having  taken  these  values  of  P,  we  have  all  the  data  for  the 
PAD  term  of  our  equation,  for  we  know  the  area  of  the  piston, 
and  we  have  the  value  of  D  in  the  fourth  column  of  the  appropriate 
table,  which  for  our  problem  is  Table  I.  The  term  1.226wr]V2CD 
is  also  easily  calculated  for  each  ten  degrees  of  the  crank  position, 
the  process  being  simply  multiplication.  Care  should  be  taken  to 
give  this  term  its  proper  algebraic  sign. 

Applying  the  process  as  above  outlined  to  our  problem,  we  find 
the  values  as  given  in  the  following  columns: 

TABLE  VII. 
Forward  Stroke. 


a 

PAD 

l£WwrN*CD. 

T. 

0° 

0 

0,000 

10° 

3,o~7 

1,266 

1,111 

20° 

6,472 

2,304 

4,168 

30° 

8,646 

2,927 

5,719 

40° 

8,366 

3,034 

5,332 

50° 

6,151 

2,624 

3,527 

60° 

4,689 

1,799 

2,890 

70° 

3,303 

765 

2,538 

80° 

2,264 

-      329 

2,593 

90° 

1,520 

-  1,197 

2,717 

100° 

1,035 

-  1,865 

2,900 

110° 

429 

-  2,175 

2.604 

120° 

151 

-  2,226 

2,377 

130° 

000 

-  2,058 

2,058 

1403 

-  151 

-  1,702 

1,551 

1503 

-  171 

-  1,366 

1,195 

160° 

-  418 

-      927 

509 

170° 

-  471 

-      318 

-  153 

180° 

Using  the  formula 

T  -  PAD'  +  l.226wrJV*C'D', 


200  EFFECT   OF   THE   RECEPROCA'IING   PAETS   OF   HIGH   SPEED   EXGLSPS. 


and  taking  values  of  P'  from  the  ordinates  on  Fig.  63,  we  have  the 
corresponding  solution  for  the  return  stroke  as  follows  : 


TABLE  VIII. 


a 

PAD' 

1.226mtA2C"2>' 

T. 

0° 

0,000 

000 

10° 

1,780 

-     318 

1,462 

20° 

3,502 

-     927 

2,575 

30 

5,163 

—  1.366 

3.797 

40 : 

6,424 

-  1,702 

4.722 

50 : 

6,086 

-  2,058 

4.028 

60 

5,135 

-  2,2-26 

2,909 

70° 

4,034 

-  2,175 

1,859 

80° 

3,199 

-  1,865 

1.334 

90° 

2.210 

-  1,197 

1.003 

100' 

1,543 

-      329 

1,214 

110J 

1,032 

705 

1.797 

120° 

586 

1,799 

2,385 

130° 

267 

2,624 

2,891 

140D 

77 

3,034 

3,111 

150° 

-      183 

2,927 

2,744 

160 " 

-     930 

2,304 

1,874 

170D 

-  1.039 

1,266 

227 

180 ' 

0,000 

0,000 

000 

We  have  now  the  means  of  constructing  the  required  diagram, 
which  is  shown  in  Fig.  64. 

AB,  Fig.  64,  is  the  distance  traveled  by  the  crank  pin  during  one 
stroke.  This  is  divided  into  eighteen  equal  parts,  to  correspond  to 
the  ten-degree  crank  positions.  Through  these  divisions,  ordinates 
are  drawn,  upon  which  are  laid  oil  the  values  of  Tfrom  the  fore- 
ofoino-  Table  YIL,  for  the  forward  stroke  above  the  line  from  A  to 
B;  and  the  values  of  T'  taken  from  Table  YIIL,  are  for  the 
stroke  below  the  line  from  B  to  A. 

AcdeB  is  the  required  curve  for  forward  stroke,  and  BfghA  is 
the  same  for  return  stroke.  The  whole  area  represents  the  work 
done  on  the  crank  pin  in  one  revolution. 

By  laying  off  on  the  ordinates  already  drawn  in  Fig.  64,  the 
values  of  PAD  in  Table  YIL  above  AB,  and  those  of  P'A'D' 
in  Table  YI1I.  below  BA,  we  have  the  diagram  AMmBnopA, 
which  shows  how  the  pressure  on  the  crank  pin  would  be  dis- 
tributed if  the  reciprocating  parts  had  no  weight. 

The  lengths  of  the  ordinates  included  between  these  lines,  give 
the  effect  of  the  reciprocating  parts,  this  effect  being  to  diminish 
the  pressure  on  the  crank  pin  where  the  curve  Acde,  etc.,  lies  in- 
side the  curve  Alim,  etc.,  and  vice  versd. 
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To  find  the  value  of  A  H]  first  draw  the  rectangle  vwxy,  whose 
area  is  equal  to  that  of  the  curve  AcdeBfghA. 


There  are  two  equal  parts  of  the  enclosed  area  not  common  to- 
the  rectangle  and  the  diagram  AcdeBfghA,  one  part  within   the 
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rectangle  and  one  outside.  Either  of  these  equal  areas  represents 
the  a  E  oi  Rankine's  formula  for  fly-wheels  above  referred  to,  and 
one  of  these  areas  divided  by  the  area  of  the  rectangle  AvwBxyA, 

A     W 

is  the r  >  given  in  Morin's  tables. 

fpds    ° 

By  the  aid  of  the  tables  above  given,  correct  diagrams  can  be 
produced  in  a  short  time  by  any  engineer,  or  by  an  assistant  who 
simply  knows  how  to  use  logarithms  for  multiplication  alone. 

The  reciprocal  diagram  of  stress  for  trusses  and  girders  is  a 
means  of  rapid  comparison  of  designs  as  well  as  of  direct  calcula- 
tion of  stresses.  May  not  the  tables  for  constructing  accurate  dia- 
grams, representing  distribution  of  energy  to  the  crank  pin  bring 
these  diagrams  into  more  general  use  in  the  designing  of  high 
speed  engines? 

Method  of  finding  the  compression  line  which  will  just  take  up 
the  actual  energy  of  the  reciprocating  parts  at  the  end  of  the  stroke. 

The  actual  energy  of  the  reciprocating  parts  at  any  point  of  the 
forward  stroke  is : 

Mv2 

^§-  =  E=  .61Sw?*JV2D2, 

in  which  D  is  given  for  every  ten  degrees  of  the  crank  position  in 

tables  I.,  III.,  and  V.     For  the  return  stroke,  E=  Mdwr^JVW2, 

in  which  D'  is  given  in  tables  II.,  IV.,  and  VI. 

The  horizontal  component  of  the  load  on  the  crank  pin  is,  T0 

sin  a.     Near  the  end  of  the  stroke,  sin  a  diminishes  in  nearly  the 

same  proportion  as  a  increases,  and  is  zero  (0)  at  the  end  of  the 

stroke;  consequently  the  work  of  this  horizontal  component  is  ap- 

T   sin  oc 
proximately  fx  =     "     ,  multiplied  by  the  distance  of  the  piston 

from  the  end  of  the  stroke. 

We  have  then  a  ready  means  of  computing  the  values  of  Eand  /.f. 

Let  ahcdea,  Fig.  65,  be  an  indicator  card  for  the  forward  stroke 
of  an  engine.  Draw  a  vertical  line  mn  near  the  end  of  the  stroke. 
Draw  a  horizontal  line  fg,  so  that  the  area  fghi  will  represent  ap- 
proximately the  energy  exerted  by  the  steam  on  the  steam  side  of 
the  piston  during  the  remainder  of  the  stroke. 

Upon  the  line  fg  construct  a  rectangle  fgkl,  whose  area  is  equal 
to  the  actual  energy  of  the  reciprocating  parts  at  mn  divided  by 

the  piston  area  =  -j-  . 
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The  whole  area  ihhl  is  the  total  energ}r  to  be  overcome  in  bring- 
ing the  piston  to  rest.  Upon  the  line  Ik  construct  a  rectangle  Ikrs, 
whose  area  is  equal  to  the  work  of  the  horizontal  component  of  the 
load,  per  square  inch  of  piston  area  from  mn  to  the  end  of  the 

stroke  —  -V 

A  • 

The  area  srhi  represents  the  energy  to  be  absorbed  by  compres- 
sion, therefore  the  compression  line  xyz  of  the  opposite  card  must 
be  such  as  to  make  the  area  xyr  equal  to  zys. 

If  we  apply  this  construction  to  the  illustrative  problem  previously 
made  use  of,  drawing  mn  at  TVv  of  the  stroke,  which  gives  a  —  150°, 
we  find  approximately 

gk  =  st^V  =  20.42  lbs., 


200/0 

200 /^ 


hr  =  kt^V  =  15-2i  lbs- ; 


therefore 

gr  =  5.18  lbs. 

The  principle  upon  which  the  above  construction  is  based,  may 
be  stated  as  follows :  the  actual  energy  of  the  reciprocating  parts  at 
any  given  point  of  the  stroke,  plus  the  energy  exerted  by  the 
steam  upon  the  piston  in  the  direction  of  its  motion,  from  the 
given  point  to  the  end  of  the  stroke,  should  equal  the  work  of  the 
horizontal  component  of  the  load,  plus  the  work  of  back  pressure 
and  compression,  from  the  given  point  to  the  end  of  the  stroke. 

DISCUSSION. 

Prof.  Gaetano  Lanza. — The  introduction  of  the  high-speed 
engine  has  called  attention  to  the  importance  of  studying  the 
action  of  the  reciprocating  parts  and  the  distribution  of  the  press- 
ure on  the  crank  pin. 

Quite  a  number  of  people  have  written  upon  the  subject,  but 
all  (so  far  as  the  writer  knows),  who  have  published  anything  in 
regard  to  it,  have  been  content  to  use  approximate  methods  or  ap- 
proximate formulae,  claiming  that  the  exact  methods  and  formulas 
would  lead  to  too  great  complexity.  The  approximations  adopted 
are  of  two  kinds  : 

1.  Some  inexact  value  is  used  for  the  acceleration  of  the  piston. 
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2.  The  fact  is  not  properly  taken  account  of,  that  the  accelera- 
tions of.  the  different  parts  of  the  connecting-rod  are  different,  the 
cross-head  end  moving  with  the  cross  head  and  sharing  its  mo- 
tion, while  the  crank  end  shares  the  motion  of  the  crank  pin ;  and 
all  other  points  have  a  motion  different  from  either. 

In  Mr.  Charles  T.  Porter's  book,  both  of  these  approximations 
are  used,  while  Prof.  Alden  employs  the  correct  value  of  the 
acceleration  of  the  piston,  but  considers  all  the  reciprocating  parts 
as  having  the  same  motion  as  the  piston. 

I  am  in  the  habit  of  giving  instruction  to  my  own  classes  upon 
this  subject,  and  they  are  not  allowed  to  use  any  of  these  approxi- 
mations, but  are  required  to  use  exact  values  throughout,  inas- 
much as,  while  the  calculation  of  the  tables  involves  a  little  more 
labor,  their  application  is  just  as  easy,  if  they  are  correct  as  if 
they  are  only  approximate,  and  we  are  fully  paid  for  our  trouble 
in  calculating  the  tables  by  the  fact  that  the  results  are  accurate. 

M3-  formula3  and  tables  will  now  be  given  with  a  brief  explana- 
tion of  the  mode  of  deducing  them,  my  own  notation  being  used, 
inasmuch  as  it  differs  somewhat  from  that  of  Prof.  Alden. 

A  table  will  then  be  given  referring  to  the  Porter- Allen  10"  x 
20"  engine,  of  the  Massachusetts  Institute  of  Technology,  and 
the  corresponding  table  will  be  computed  by  Prof.  Alden's 
method,  thus  showing  how  much  difference  arises  by  adopting 
the  approximate  values  which  he  has  used  instead  of  the  correct 
ones. 

Inasmuch  as  Prof.  Alden  has  confined  himself  to  the  horizontal 
throw,  that  will  be  treated  first,  but  a  treatment  of  the  vertical 
throw  will  be  given  subsequently. 

Horizontal  Throw. 

As  far  as  the  velocity  and  acceleration  of  the  piston  are  con- 
•cerned,  both  of  us  follow  exactly  the  same  method,  and  we 
obtain,  of  course,  equivalent  formulae.  They  will  be  given  here 
in  my  own  notation  : 

Let  a  —  angular  velocity  of  crank  expressed  in  circular  measure. 
t  =  time  employed  by  crank  in  passing  from  line  of  dead 

points  to  any  given  position  (variable),  so  that 
at  =  crank  angle  in  circular  measure. 
/  =  length  of  connecting  rod  in  feet. 
r  =  length  of  crank  in  feet. 
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*,  —  distance  (in  feet)  passed  over  by  the  piston  while  the 

crank  describes  the  angle  at. 
t\  =  velocity  of  piston  at  the  end  of  the  time  t. 
fi  —  acceleration  of  the  piston  at  the  same  time. 
n  =  number  of  revolutions  per  minute,  so  that 

-  2nn      nn 
a  =  ~W  =  30" 

Also  let 

cos  2at  _  sin-  2at 

A  =  cos  at  ;  B  =        /  —  —  5  C  — 


i/Q'-**«      4{(t)'-*'-} 


Then  we  shall  have 

8t  =  r  \  1  +  I- J  —  cos  at  —  \/  (  -  J  —  sin2  at  |        .     .        (1) 


tj  \r  J 

dsx  .       .  (1+  cosn^       i 

"^""""l  \j(L)--*,*\ (2) 

*  =  "v[sbW*+0}] (3) 

Let  now  s2  y2  and,/2  represent  respectively  the  space  passed  over 
by,  the  velocity  of,  and  the  acceleration  of  the  crank  pin,  in  a 
horizontal  direction,  then  we  have 

s.2  =  /•  (1  —  cos  at) (4) 

v2  =  ar  sin  at (5) 

f*  =  'H  mcosat\ (6) 

f 
Now  proceed  to  compute  tables  giving  the  values  of   -~^  and 

2    for  every  10°  of  arc,  these  values  depending  only  on  the  ratio 

— ,  and  being  applicable  to  any  engine  having  the  same  ratio  of 
connecting  rod  to  crank,  whatever  be  its  crank  length  or  its  speed. 
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Then  from  these  tables  can  readily  be  deduced  the  values  of  fx  and/;, 
for  every  10°  of  crank  angle,  as  soon  as  the  crank  length  and  speed 

are  known.     These  tables,  as  worked  out  for  values  of  —  equal  to 
5£,  5£,  and  6  respectively,  are  given  below,  the  values  of  -|-  being 


wr 


the  same  for  all  values  of  -. 

r 


A. 

Crank  Angle. 

nir 

A. 

-=5K 

r 

r 

^=6 
r 

nV 

0° 

.01302 

.01296 

.01279 

.01097 

10 

.01274 

.01268 

.01252 

.01080 

20 

.01189 

.01184 

.01171 

.01031 

30 

.01054 

.01051  • 

.01042 

.00950 

40 

.00878 

.00877 

.00873 

.00840 

50 

.00671 

.00672 

.00674 

.00705 

60 

.00446 

.00419 

.00457 

.00548 

70 

'  .00216 

.00221 

.00234 

.00375 

80 

-  .000U6 

.00000 

.00016 

.00190 

90 

-  .00209 

-  .00203 

-  .00185 

.00000 

100 

-  .00387 

-  .00381 

-  .00364 

-  .00190 

110 

-  .00534 

-  .00329 

-•.00516 

-  .00375 

120 

-  .00651 

-  .00648 

-  .00040 

-  .00548 

130 

-  .00739 

-  .00738 

-  .00736 

-  .00705 

140 

-  .00802 

-  .00804 

-  .00807 

-  .00840 

150 

-  .00845 

-  .00848 

-  .00857 

-  .00950 

160 

-  .00872 

.-  .00877 

-  .00890 

-  .01031 

170 

-  .00886 

-  .00892 

-  .00908 

-  .01080 

180 

-  .00891 

-  .00897 

-  .00914 

-  .01097 

Now,  let 

Wt  =  weight  of  piston,  piston  rod,  and. cross  head  combined, 
J/[    =  total  force  required  to  produce  the  acceleration  J\  in  these 
parts,  then  will 


«-** 


(7) 


and  the  (negative)  rotative  effect  due  to  this  force  is  to  be  found 
in  the  same  manner  as  explained  by  Professor  Alden. 

With  the  connecting  rod,  however,  the  case  is  quite  different, 
although  Professor  Alden  counts  it  in  with  the  other  reciprocating 
parts,  and  treats  them  all  alike.     The  acceleration  of  the  cross- 
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head  end  is /i,  while  that  of  the  crank-pin  end  is/',  and  that 
of  any  intermediate  point  is  intermediate  between  fx  and/!;,,  and 
can  be  very  easily  expressed  in  terms  of  fx>  f*  and  the  distance 
of  the  point  from  the  cross-head  end  of  the  rod.  Now, 
imagine  the  rod  divided  into  a  very  large  number  of  very 
small  pieces,  and  the  mass  of  each  of  these  pieces  multiplied  by 
the  acceleration  of  that  piece,  the  sum  of  the  products  will  be 
the  total  force  required  to  impart  the  required  acceleration  to  the 
rod.  The  same  result  may  be  obtained  by  multiplying  the*  weight 
of  the  rod  by  the  acceleration  of  its  center  of  gravity,  so  that,  if 
we  let 

7r2  =  weight  of  connecting  rod, 

F2  =  force  required  to  impart  to  it  the  required  acceleration, 

f0  =  acceleration  of  its  center  of  gravity, 

2*0  =  distance  of  center  of  gravity  from  cross-head  end,  we 
shall  have : 

/.  =/i-(/i  -/,)  J ••     (8) 

^2  =  -y2/o ' (9) 

In  order  to  find  x0  we  must  weigh  the  two  ends  of  the  rod,  and 
if  we  let 

WA  =  weight  of  cross-head  end, 
Wjj  =  weight  of  crank-pin  end,  then 

*o=TfJ (10) 

Next  determine  the  point  of  application  of  this  force  Fif  and 
after  this  has  been  ascertained,  resolve  it  into  two  parallel  com- 
ponents, FA  and  F£,  where 

Fa  —  component  of  Fs  at  cross-head  end. 

FB  —  component  of  F$  at  crank  end. 

Then  add  FA  to  F\  and  their  combined  (negative)  rotative 
effect  is  found  in  the  manner  explained  by  Professor  Alden,  i.  e., 
by  multiplying  Fx  +  Fa  by  D,  where 

(  1  cos  at  \ 

I>  =  rin«J1  +  ./77v — 7T~.Y-    ■   ■    (11) 


|/(~K-**» 
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On  the  other  hand,  the  rotative  effect  of  FB  is 

FB  sin  at, 

which,  added  to  the  other,  gives  the  entire  rotative  effect. 

The  determination  of  the  point  of  application  of  F2,  and  hence 
of  the  values  of  FA  and  FB  involves  a  determination  of  the  moment 
of  inertia  of  the  rod  about  the  axis  of  the  cross-head  pin,  and  this 
would.be  a  very  long  and  tedious  piece  of  work,  if  it  had  to  be 
done  by  measurement  and  computation.  A  very  easy  and  elegant 
method  of  making  the  determination  was  pointed  out  to  the  writer 
by  Mr.  Wilfred  Lewis,  who  had  previously  made  an  independent 
and  complete  analysis  of  the  whole  problem,  and  it  consists  'in 
hanging  up  the  rod  on  a  knife  edge,  allowing  it  to  oscillate  by 
gravity,  and  counting  the  number  of  oscillations  in  a  given  time, 
thus  determining  the  length  of  the  equivalent  simple  circular 
pendulum,  from  which  we  can  readily  determine  the  moment  of 
inertia,  or,  more  conveniently,  the  distance  from  the  center  of  the 
cross-head  pin  to  the  center  of  percussion  of  the  rod  about  the 
axis  of  the  cross-head  pin,  which  distance  will  be  called  p. 

If  we  denote  by  /  the  moment  of  inertia  of  the  rod  about  that 
axis,  and  observe  that 

I=px«W% (12) 

we  can  readily  deduce  the  following  equations  : 

where  xx  =  distance  from  center  of  cross-head  pin  to  point  of 
application  of  F« ;  also 

ft  =  -S£  {  (*  -  <2feo  +  M  (£)  +  *  {I  -  p)(£)  j. .     (16) 
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Hence  the  entire   (negative)  rotative  effect  of  the  forces  pro- 
ducing the  acceleration  of  the  reciprocating  parts  is 


{F1+FA)D  +  FBsinat  =  . 


Ft+F±+ 


FB 


} 


COS  at 


I 


-1    I  —  -  \ 

\/(iy  -sill-at  I 


\J>1  (18) 


and  if  F  denotes  the  equivalent  force  at  the  piston  required 
to  produce  the  acceleration  of  the  reciprocating  parts,  we  shall 
have 

-,     •     .     •     (19) 


F=FX  +  FA  + 


1  + 


cos  at 


and  the  quantity  to  be  deducted  from  the  rotative  effect  diagram 
is 

Fl) (20) 

A  table  of  the  values  of  D,  for-  =  5|,  5^,  and   6   respectively 
follows  : 


f  .         COS  at 

\   1  + 

) 

D=i 

-  f . 

in  at  -    y  / 1  y 

\ 

(      \—J   —  sin-  at  ) 

Crank  angle. 

1  =  5* 

l=o}4 

1=6. 

r 

r 

r 

0 

. 00000 

.00000 

.00000 

10 

.20573 

.20476 

.20216 

20 

.40241 

.40057 

.39567 

30 

.58155 

.57905 

.57241 

40 

.73579 

.73293 

.72533 

50 

.85934 

.85645 

.84878 

60 

.94831 

.94575 

.93896 

70 

1.00091 

.99900 

.99393 

80 

1.01473 

1.01641 

1.01370 

90 

1.00000 

1.00000 

1.00000 

100 

.95218 

.95321 

.95591 

110 

.87847 

.88039 

.88545 

120 

.78374 

.78630 

.79309 

130 

.67275 

.67564 

.68330 

140 

.54978 

.55264 

.56025 

150 

.41845 

.42095 

.42709 

160 

.28163 

.28347 

.28836 

170 

.14157 

.14254 

.14513 

180 

.00000 

.00000 

.00000 

14 
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Denoting  by  a  the  area  of  the  piston-head  end,  in  square  inches, 
there  will  next  be  given  the  values  of  —  for  three  special  engines, 
whose  dimensions  are  as  follows  : 


Diameter,  piston 

Diameter,  piston  rod  .  . 
Stroke  

Revolutions  per  minute 

r 

W,  in  lbs 

Wj  in  lbs 

WB  in  lbs 

P 


Brown. 

Harris-Corliss. 

Porter-Allen. 

11" 

8" 

10" 

1".87 

1".5 

1".75 

30" 

24" 

20" 

60 

64 

204 

5^ 

o1. 

6 

193 

87.25 

130.90 

78.5 

33.25 

55.66 

84.5 

33.50 

67.14 

4  .847 

4.064 

4.066 

F 

a 

Crank  angle. 

Brown. 

Harris-Corliss. 

Porter-Allen. 

0 

6.342 

4.704 

41.378 

10 

6.215 

4.609 

40.506 

20 

5.834 

4.326 

38.11)1 

30 

5.223 

3.874 

.34.308 

40 

4.422 

3.278 

29.243 

50 

3.465 

2.589 

23.175 

60 

2.408 

1.786 

16.372 

70 

1.001 

0.969 

9.272 

80 

0.207 

0.533 

2.119 

90 

-0.835 

0.615 

-  4.737 

100 

-1.793 

-1.322 

-11.133 

110 

-2.637 

-1.943 

-16/895 

120 

-3.359 

-2.475 

-21.917 

130 

-3.746 

-2.912 

-26.136 

140 

-4.425 

—  3  222 

-29.537 

150 

-4.782 

-3.517 

-32.154 

160 

-4.973 

-3.700 

-35.013 

170 

-5  174 

-3.804 

-85.100 

180 
* 

-5.224 

-3.839 

-35.472 

Inasmuch  as  my  method  of  working  up  a  pair  of  simultaneous 
cards  differs  somewhat  from  Prof.  Alden's,  a  set  of  diagrams  (Figs. 
83,  84,  85,  88,  89,  90)  will  be  added  for  the  Porter-Allen  engine. 
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The  diagrams  speak  for  themselves,  and  need  no  further  explana- 
tion. 

I —PORTER-ALLEN  ENGINE. 


n.  e. 


m  n 

Indicator  Cards. 
Fig.  83. 


Tbue  Stroke  Cards,  with  Effect  of  Reciprocating  Parts  indicated. 

Fig.  84. 


Cards  showing  Eefective  Pressure  on  Piston. 
Fig.  85. 


Rotative  Effect  laid  off  from  Stroke  Line. 
Fig.  88. 
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Rotative  Effect  laid  off  from  Development  of  Crank-Pix  Circle. 

Fig.  89. 

In  order  to  show  how  great  an   error  is  made  by  using  Prof. 

FD 

Alden's  approximations,  the  values  of  ,  for   the  Porter- Allen 

engine,  will  be  computed,  and  compared  with  the  values  of  Prof. 

t11     ,                     ,.               t.L       .      1.226ivrJY*CD 
Alden  s  corresponding  quantity,  viz.,  ■ . 

The  results  are  given  in  the  following  table  : 


FD 

1.2G6wrN2CD 

Crank  Angle. 

a 

a 

Difference. 

0 

0.00 

0.00 

0.00 

10 

8.20 

7.18 

1.02 

20 

15.10 

13.17 

1.93 

30 

19.64 

16.98 

2.66 

40 

21.21 

18.05 

3.16 

50 

19.67 

16.33 

3.34 

60 

15.37 

12.25 

3.12 

70 

9.22 

6.64 

2:58 

80 

2.15 

0.49 

1.66 

90 

-  4.74 

-  5.26 

0.52 

100 

-10.64 

-  9.87 

-0.77 

110 

-14.96 

-12.93 

-2.05 

120 

-17.38 

-14.33 

-3.05 

130 

-17.86 

-13.67 

-4.19 

140 

-16.55 

-12.77 

-3.78 

150 

-13.75 

-11.37 

-2.38 

160 

-  9.81 

-  7.27 

-1.54 

170 

-  5.09 

-  3.76 

-1.33 

180 

0.00 

0.00 

0.00 

A  glance  at  this  table  will  show  that  the  difference  amounts  in 
some  cases  to  nearly  than  25  per  cent  of  the  true  values. 

Vertical  Throw. 
If  we  let  ss,  vs,  and/3  denote  respectively  the  space  passed  over 
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by,  the  velocity  of,  and  the  acceleration  of  the  crank  pin  in  a 
vertical  direction,  we  shall  have 


=  r  sin  at  >     vz  =  —^  =  ar  cos  at ;     f.3=—  a-r  sin  at. 


Moreover,  the  vertical  acceleration  of  the  cross-head  end  of  the 

rod  is  zero,  and  hence  that  of  a  point  at  a  distance  x  from  the 

cc 
cross-head  end  is  f  =  f3  7  . 

Hence,  if  F3  denote  the  total  vertical  throw  of  the  rod,  we  shall 
have 


gi    ° 


F,=JA  2lwx^^-c?rwiat. 


Its  point  of  application  being  at  a  distance  p  from  the  cross- 
head  end,  the  equivalent  vertical  force  at  the  crank  pin  is 


'  =.  —  <  — —  a-r  sin  at  r 

I   (     (j      -  ) 


and  the  rotative  effect  due  to  F   is 


R  =  F'  cos  at  =  T  \  — —  a-r  sin  at  cos  at  [ 


If  we  assume  the  crank  pin  to  lie  above  the  line  of  dead  points 
while  moving  from  the  head  end  towards  the  crank  end,  and  thus 
calling  the  head  end  upper  quadrant  the  first  quadrant,  it  will 
follow  that  this  rotative  effect  is  to  be  added  in  the  first  quadrant, 
to  be  subtracted  in  the  second,  to  be  added  in  the  third,  and  sub- 
tracted in  the  fourth. 

r>/ 

Tables  of  values  of  — ,  for  the  three  engines  alreadv  men- 

a  ° 

tioned,  will  now  be  given,  and  also  the  diagram  of  rotative  effect, 
taking  account  of  the  verticaj  throw. 
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.Crank. 


0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 


/," 


Brown. 

Harris-Corliss. 

Porter- Allen. 

0.000 

.000 

0.000 

.063 

.116 

1.400 

.117 

.219 

2.632 

.158 

.289 

3.623 

.179 

.336 

4.120 

.179 

.336 

4.120 

.158 

.289 

3.623 

.117 

.219 

2.632 

.063 

.116 

1.400 

.000 

.000 

0.000 

-.063 

-.116 

-1.400 

-.117 

-.219 

-2.632 

-.158 

-.289 

-3.623 

-.179 

-.336 

-4.120 

-.179 

-.336 

-4.120 

-.158 

-.289 

-3.623 

-.117 

-.219 

-2.632 

-.063 

—  .116 

-1400 

-.000 

-.000 

-0.000 

Fig.  90. 


Mr.  Wilfred  Lewis. — The  criticism  which  I  had  intended  to 
make  on  this  paper  is  substantially  the  same  as  the  one  just  given 
by  Prof.  Lanza,  namely,  that  the  connecting  rod  has  not  received 
the  consideration  which  it  requires.  This  ground,  I  think,  has 
been  well  taken  and  maintained  in  the  discussion  we  have  heard, 
and  I  am  sure  the  analysis  presented  is  much  fuller  and  better 
than  anything  I  can  attempt  to  give  orally  at  this  time.  My  own 
researches  on  the  subject  are  not  very  fresh  in  mind,  having  been 
made  some  two  years  ago  for  the  purpose  of  determining  the 
inertia  of  the  reciprocating  parts  in  our  shop  engine,  and  I  have 
not  had  the  leisure  to  review  them  carefully  in  preparation  for 
this  meeting.  At  that  time  1  studied  the  question  very  thoroughly, 
and  developed  my  results  by  means  of  formulae  and  tables  similar 


EFFECT   OF  THE   KECTP ROTATING   PAKTS   OF   HIGH    SPEBD    ENGINES-  215 

to  those  given  in  the  paper.  Further  than  that,  however,  I  made 
the  connecting  rod  the  subject  of  special  investigation,  and  con- 
structed diagrams  in  which  the  center  of  oscillation,  as  well  as 
the  center  of  gravity,  was  duly  considered.  Both  of  these  points 
were  determined  by  experiment,  the  center  of  gravity,  by  weigh- 
ing the  rod  at  each  end,  and  the  center  of  oscillation,  by  suspend- 
ing it  at  a  convenient  point  and  counting  the  vibrations  in  a  given 
time.  My  method  of  determining  the  effects  of  inertia  was,  if 
I  remember  rightly,  somewhat  different  from  that  developed  by 
Prof.  Lanza  in  his  more  recent  analysis,  and  I  cannot  say  at 
present  whether  we  agree  entirely  or  not. 


Since  the  New  York  meeting  adjourned  *  I  have  compared  my 
original  method  of  determining  the  inertia  of  the  reciprocating 
parts  with  the  one  given  by  Prof.  Lanza,  and  found  that  although 
we  differ  somewhat  in  our  modes  of  treatment,  the  results  obtained 
in  either  way  are  identical. 

Having  found  the  centers  of  gravity  and  oscillation  by  experi- 
ment, I  considered  the  weight  of  the  connecting  rod  to  be  dis- 
tributed at  the  cross-head  pin  and  the  center  of  oscillation  rela- 
tive thereto  so  as  to  maintain  the  same  center  of  gravity,  and  pro- 
ceeded to  find  the  inertia  of  the  masses  moving  at  these  two 
points  respectively.  With  the  mass  of  the  connecting  rod  so  dis- 
tributed I  simply  added  to  that  part  at  cross-head  pin,  the  mass 
of  the  piston,  piston  rod  and  cross  head,  as  partaking  of  the  same 
movement,  and  thus  disposed  the  whole  mass  of  the  reciprocat- 
ing parts  at  the  two  points  mentioned. 

The  work  of  determining  the  inertia  at  these  points  by  means 
of  general  formulae  is,  however,  very  laborious,  and  even  by  the 
aid  of  tables  the  greatest  care  and  attention  must  be  exercised  to 
avoid  mistakes.  The  result  of  the  numerous  calculations,  when 
finallv  plotted,  may  be  taken,  to  some  extent,  as  a  measure  of  the 
integrity  of  the  various  steps  in  the  process,  but  the  only  positive 
safeguard  at  present  lies  in  a  repetition  of  the  whole  work.  In 
view  of  this  point  and  the  fact  that  graphical  results  are  the  ends 
to  be  attained,  it  has  occurred  to  me  that  they  should  be  reached, 
as  far  as  possible,  by  graphical  methods,  so  as  to  reduce  the  neces- 
sary calculations  to  a  minimum,  and  I  now  propose  to  show  how 
this  may  be  done  with  comparative  ease. 

*  Contributed  under  the  rules. 
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Fig.   93  is  a  construction  for  finding  the  horizontal  velocity  of 

Fig.  93 


any  point  in  the  connecting  rod  for  any  part  of  the  stroke.     Fig. 
94,  a  construction  for  finding  the  vertical  velocity  and  accelera- 


tion of  any  point  in  the  connecting  rod  for  any  part  of  the  stroke  ; 
and  Fig.  95,  a  construction  for  finding  the  horizontal  acceleration 


of  any  point  in  the  connecting  rod  for  any  part  of  the  stroke. 

in  these  figures  ABC  is  the  line  of  centers,  AB  the  connect- 
ing rod,  and  BCt\\r.  crank,  and  the  distance  represented  by  the 
radius  r  is  taken  to  be  the  measure  of  crank  velocity  and  its 
radial  acceleration  as  well.  In  Fig.  93,  let  B'  be  any  point  in  the 
crank  circle,  and  B'A  —  BA,  the  connecting  rod;  draw  ECF 
perpendicular  to  AD,  and,  if  necessary,  produce  AB  to  the  in- 
tersection a,  then  will  Ca  be  the  measure  of  the  velocity  of  the 
point  A',  as  shown  by  Eankine  and  others.  The  horizontal 
velocity  of  the  point  B  is  measured  by  thu  ordinate  Be,  and  if 
we  lay  off  A'a!  —  Ca,  and  draw  a'B,  "we  may  adopt  a  construc- 
tion used  by  Prof.  Lanza,  and  find  the  velocity  of  any  point  o  in 
the  connecting  rod  by  the  ordinate  fu  passing  through  it. 
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The  vertical  velocity  at  A  is  of  course  zero,  while  that  at  B  is 

measured  by  the  distance  eC,  consequently  in  Fig.  94  ek  is  laid 

equal  to  eC,  and  ordinates  to  the  line  A'k  measure  the  vertical 

velocity  of  the  points  in  the  connecting  rod  through  which  they 

pass. 

The  construction  for  finding  the  vertical  acceleration  of  any 
point  in  the  connecting  rod  is  very  simple  indeed,  for  at  any  point 
o,  -the  ordinate  og  is  at  once  the  measure  of  it. 

The  construction  for  finding  the  horizontal  acceleration  shown 
in  Fig.  95  is  as  follows:  draw  Cd  perpendicular  to  A'B',  meeting 
it,  or  the  line  produced,  in  the  point  d,  and  make  Bra  parallel  to 
Cd.  At  the  point  m,  erect,  perpendicular  to  AD,  mn  equal  in 
length  to  B'd  and  draw  A'nF.  Produce  dC  and  draw  ^par- 
allel to  AD,  then  will  Cp  represent  the  horizonal  acceleration 
of  the  point  A'.  If  now  we  lay  off  the  ordinates  Ap  =  Cp,  ei 
eC,  and  draw  the  line  pi' ,  any  ordinate  gl  will  measure  the  hori- 
zontal acceleration  of  the  point  o  through  which  it  passes. 

To  demonstrate  that  Cp  is  the  measure  of  horizontal  accelera- 
tion for  the  point  A',  let  the  velocity  of  the  point  B'  be  resolved 
into  its  components  Cd  along  A'B'  and  B'd  perpendicular  thereto. 
The  component  along  AB'  produces  no  acceleration  while  the 
component  at  right  angles  produces  at  B  in  the  direction  of  A'B' 
an  acceleration  represented  by  Bd,  and  at  A'  in  the  same  direc- 
tion an  additional  amount  which  is  inversely  proportional  to  the 
distances  A'B  and  B'd.  Therefore,  by  the  construction,  CF 
represents  the  acceleration  of  A!  in  the  direction  of  AB' ,  and 
consequently  Cp  is  the  acceleration  in  the  direction  of  AD. 

If,  now,  we  assume  o  for  the  center  of  oscillation  of  the  con- 
necting rod  about  the  cross-head  pin.  we  can  proceed  to  construct 
diagrams  for  the  horizontal  accelerations  of  A  and  o  and  also  for 
the  vertical  acceleration  of  o.  Such  diagrams  are  shown  in  Fig. 
96,  the  ordinates  be- 
ing  taken  for  every 
30°  of  crank  angle. 

The  actual  forces 
of  inertia  may  be 
found  by  multiply- 
ing these  accelera- 
tions by  the  masses 
concentrated  at  A 
and  o  respectively. 
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This  is  a  matter  of  simple  proportion,  de- 
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pending  upon  the  scale  desired,  and  constructively  it  requires  no 
special  explanation.  Thus  far  the  velocity  of  the  crank  pin  in 
feet  per  second  has  been  assumed  as  measured  by  the  radius  r  of 
the  crank  in  feet,  and  consequently,  for  any  velocity,  v,  of  the 
crank,  the  distance  r  on  the  diagrams  will  measure  an  accelera- 
tion of  f  —  )  .     For  a  unit  of  mass,  or  about  32.2  lbs.  at  crank  pin, 

—  ) 

and  whatever  the  masses  at  A  and  o  or  the  speed  of  the  engine 
may  be,  the  scale  of  the  diagram  Fig.  96  can  readily  be  adjusted 
to  correspond  with  the  scale  of  the  indicator  cards  by  construct- 
ing a  simple  proportion. 

The  three  diagrams  shown  in  Fig.  96  can  best  be  combined  by 
rinding  the  rotative  effect  of  each,  and  this  has  been  done  in 
Figs.  97,  98,  and  99,  for  every  15°  of  crank  angle.     Fig.  97  repre- 


sents the  rotative  effect  of  a*unit  of  mass  at  cross-head  pin ;  Fig. 
98,  the  same  for  the  horizontal  throw  at  center  of  oscillation  ;  and 
Fig.  99,  the  same  for  the  vertical  throw  at  that  point.  To  de- 
termine the  rotative  effect,  the  inertia  at  each  point  A  and  o 
must  be  multiplied  by  the  effective  radius  at  which  it  acts.  But 
the  velocity  at  any  point  in  a  given  direction  is  also  the  measure 
of  the  effective  radius  at  which  a  force  in  that  direction  acts,  and 
we  have  for  the  rotative  effect  at  A',  A'p  times  A' a'.  This  mul- 
tiplication is  readily  accomplished  by  laying  off  in  Fig.  95,  A  7/  =  r 
and  A' a'  the  same  as  in  Fig.  93,  then  by  drawing  a V  parallel  to 
p'b',  we  have  Ah"  for  the  rotative  effect  due  to  a  unit  of  mass  at 
the  point  A'.     Similarly,  in   Fig.  94,  the  rotative  effect  due  to 
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vertical  throw  is  measured  by  the  product  of  og  and  gh  or  by  gs, 
and  in  Fig.  95  the  rotative  effect  due  to  the  horizontal  throw  of 
o  is  equal  to  gl  times  gf  or  to  gs.     Combining  Figs.  98  and  99, 


Fig.  100 

E 


we  have  Fig.  100  for  the  rotative  effect  of  a  unit  mass  at  o ;  and, 
combining  Figs.  97  and  J  00,  we  have  Fig.  101  for  the  rotative 
effect  of  a  unit  of  mass  at  A  and  o  respectively. 

By  the  aid  of  Fig.  101  the  three  diagrams  shown  in  Fig.  96 
may  readily  be  combined  into  one,  representing  the  equivalent 
force  of  inertia  at  cross-head  pin,  in  order  to  be  directly  compar- 
able with  an  indicator  card.  At  the  dead  centers  Fig.  101  is 
useless,  for  at  these  points  the  effect  of  inertia  can  be  found 
directly  from  Fig.  96. 

In  actual  practice  it  will,  of  course,  be  unnecessary  to  construct 
so  many  figures,  and  to  illustrate  the  use  of  this  graphical  method, 
we  will  take  the  following  practical  example  : 
K  =  length  of  crank  =  1  ft., 
L  =  length  of  connecting  rod  =  4  ft., 
JV  =  No.  of  revs,  per  sec.  —  3, 

wa  —  weight  of  connecting  rod  at  cross-head  end  =  90  lbs., 

wh  —  weight  of  connecting  rod  at  crank  end  =  150  lbs., 
t  =  time  of  oscillation  of  connecting  rod  when  suspended  at 
cross-head  pin  =  .959  sec, 

Wp  =  weight  of  piston,  piston  rod  and  cross-head  =  560  lbs. 

From  the  above  figures  it  can  readily  be  found  that  the  center 
of  gravity  of  the  connecting  rod  is  two  and  a  half  feet  from  cross- 
head  pin,  and  its  center  of  oscillation  three  feet  from  the  same 
point.  Therefore,  to  maintain  the  same  center  of  gravity,  we 
must  assume  forty  pounds  at  cross-head  pin  and  two  hundred 
pounds  at  the  center  of  oscillation.  The  total  weight  of  the  re- 
ciprocating parts  may  now  be  distributed  at  these  two  points. 
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Wa  =  total  weight  concentrated  at  cross-head  pin  =  600  lbs. 
W0  —  weight  concentrated  at  center  of  oscillation  =  200  lbs. 

Let  the  piston  area  A  —  200  square  inches,  and  suppose  that 
we  wish  to  construct  an  inertia  diagram  directly  comparable  to 
an  indicator  card  four  inches  long,  taken  by  an  indicator  having 
a  forty  pound  spring. 

To  fix  the  scale  of  ordinates,  we  must  determine  the  radius  r 
to  be  used  in  our  constructions,  and  this  can  readily  be  found  by 
the  formula 

1.226  WaRN* 

r  = 

40.4 

from  which,  by  substitution,  we  derive 

1.226  x  600  x  1  x  9 


r  = 


40  x  200 


.823  in. 


For  the  scale  of  abscissas,  we  simply  let  the  length  of  the  card, 
4",  determine  the  stroke,  and  find  the  points  AtA2,  etc.,  Fig.  103, 
corresponding  to  the  crank  angles  assumed,  as  in  Fig.  96. 
The  construction  for  finding-  the  ordinates  in  Fig.  103  is 
shown  in  Fig.    102,    r   being   laid   ofi   equal   to   .823"    and   the 


Fig.  102 


distance   AB=±r.        The    inertia   of    the    mass    at   cross-head 
pin  is  found   as  in  the  previous  .  construction  to-be  A'p'.     The 
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rotative  effects  of  the  horizontal  and  vertical  throws  at  o  are 
also  found,  as  already  described,  to  be  gs'  and  gs  respectively, 
and,  as  they  act  in  opposite  directions,  their  sum  is  ss'.  Now, 
the  rotative  effect  of  a  force  at  A  has  been  found  by  taking  the 
product  of  the  force  and  its  velocity  Cci,  and,  therefore,  the  force 
at  A'  necessary  to  produce  a  given  rotative  effect  can  be  found 
bv  dividing  the  effect  produced  by  the  velocity,  ss'  is  the  effect 
produced  by  a  weight  at  o  equal  to  the  weight  at  A,  and  conse- 
quently it  must  be  multiplied  by  the  ratio  ~  to  find  the  true 

effect.  This  is  done  in  the  next  construction  for  finding  A't', 
which  is  the  inertia  at  A'  equivalent  to  the  inertia  at  o.  If  we 
lay  off  A't  —  ss  and  A'a  =  Ca,  we  may  find  A't'  by  laying  off 

W 

Ah'  =Trr>'  and  drawing  bt'  parallel  to  a,   then  p't'  will  be  the 

ordinate  in  Fig.  103  for  the  point  A'.  Similarly,  ordinates  may 
be  found  for  any  other  points,  except  the  dead  points,  where  the 
construction  is  somewhat  simpler,  as  already  pointed  out.  By 
comparing  AjJp^A^  Fig.  96,  which  may  be  recognized  as  the  usual 
form  of  inertia  diagrams,  with  Fig.  103,  the  disturbing  effect  of  the 
connecting  rod  is  plainly  to  be  seen. 

Other  diagrams  might  be  constructed  to  show  the  resulting 
pressures  on  guides  and  bearings,  but  enough  has  been  done  to 
suggest  the  extended  application  of  graphical  methods  to  prob- 
lems which  have  heretofore  resisted  or  yielded  only  with  difficulty 
to  the  most  searching  analyses. 

It  is  thought,  in  conclusion,  that  the  graphical  method  here 
given  presents  fewer  difficulties,  is  more  direct  and  certain  in  its 
results,  and  that  if  used  in  connection  with  the  analytical  method 
it  will  act  as  a  convenient  and  efficient  check. 

It  should  be  noted  that  the  center  of#  oscillation  o,  has  been 
located  with  reference  to  the  cross-head  pin  for  convenience  only, 
and  that  the  crank  pin,  for  instance,  might  have  been  taken  as 
one  of  the  centers  equally  well,  and  the  weight  of  the  connect, 
iug  rod  disposed  accordingly,  without  affecting  the  results  ob- 
tained. 

Prof.  G.  I.  Alden. — I  would  like  to  thank  Prof.  Lanza  for  two 
things.  One  is  for  verifying  some  of  the  tables,  which  I  calcu- 
lated while  I  was  full  of  other  duties.  He  has,  I  understand,  made 
calculations  from  them,  and  comparing  them  with  his  work  has 
found  them  substantially*  correct.     And  I  also  wish  to  thank  him 
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for  supplementing  the  paper  with  his  able  discussion  in  regard  to 
the  effect  of  the  connecting  rod,  which  for  the  sake  of  greater 
simplicity  in  the  use  of  the  tables  I  did  not  take  account  of  in  my 
paper.  I  thought  something  would  be  gained  if  tables  could  be 
obtained  which  were  simple  enough  so  that  any  engineer  would 
be  able  to  construct  substantially  accurate  diagrams.  In  most 
cases  this  is  not  attempted  with  any  approach  to  the  accuracy 
obtained  by  the  use  of  my  tables.  Anything  we  can  do  to  bring 
these  tables,  or  the  more  exact  results  which  Prof.  Lanza  has  ob- 
tained, more  readily  into  use  will  I  think  be  valuable.  I  hope 
that  at  some  time  some  of  the  gentlemen  will  look  over  the  last 
paragraph  of  my  paper  in  regard  to  the  method  of  finding  the 
compression  line  of  the  engine.  1  do  not  know  whether  it  would 
be  of  special  value  to  discuss  it  now. 

My  purpose*  in  presenting  the  paper  under  discussion  was  a 
very  simple  one,  viz.,  to  furnish  tables  by  means  of  which  the  con- 
struction of  diagrams,  much  more  accurate  than  those  usually 
employed,  might  become  common  among  engineers.  I  aimed  to 
eliminate  the  labor  due  to  mathematical  intricacy,  and  still  secure 
valuable  practical  results.  That  only  approximate  results  are 
aimed  at  does  not  necessarily  detract  from  the  value  of  the  tables 
given. 

It  is,  however,  important  to  know  the  degree  of  accuracy  ob- 
tained by  an  approximate  method,  and  the  mauner  in  which  the 
error  affects  results.  In  the  present  case  the  discussion  has  given 
us  the  means  of  determining  these  points.  Methods  of  comput- 
ing and  representing  the  error  due  to  the  approximation,  have 
been  given.  They  are  instructive  and  beautiful  examples  of 
critical  analysis  and  original  investigation,  but  from  their  com- 
plexity are  of  no  practical  value  to  the  engineer  as  methods  of 
constructing  the  required  diagrams. 

There  is  one  point  in  the  discussion  to  which  I  desire  to  call  at- 
tention, viz.,  the  comparison  made  by  Prof.  Lanza  between  the 
results — for  a  special  problem — of  his  own  methods  and  those 
given  in  my  paper.  Assuming  the  correctness  of  his  figuies,  he 
has,  inadvertently,  no  doubt,  made  unwarranted  use  of  them  in 
the  comparison  referred  to  (page  212).  Having  given  the  (nega- 
tive) rotative  effect  due  to  "  horizontal  throw,"  he  compares,  in  a 
table,  these  results  with  the  total  (negative)  rotative  effect  as  cal- 

*  Added  since  the  adjournment  of  the  meeting  under  the  rules. 
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culated  by  niy  approximate  method,  and  remarks,  that  "  a  glance 
at  the  table  shows  that  the  difference  amounts  in  some  cases  to 
more  than  2o<."  He  then  proceeds  to  give,  in  a  table,  the  rota- 
tive effect  of  •"  vertical  throw  "  for  the  same  problem,  but  does  not 
combine  his  two  partial  solutions.  It  is  necessary  to  do  this,  in 
order  to  obtain,  by  his  method,  the  total  rotative  effect.  I  there- 
fore give  the  following  table,  using  Prof.  Lanza's  figures  : 


Crank  Angle. 

1 

Rotative   Effect  Rotative  Effect 

due    to    ■•  Hori-   due  to  "  Verti- 

zontal  Throw."      cal  Throw." 

(Negative.)           (Positive,  i 

Total  Rotative 

Effect,  by  exact 

Method. 

aive.) 

Total  Rotative 

Effect,  by 

Approximate 

Method. 

(Negative.) 

Difference. 

0° 

0.00 

0.000 

0.000 

0.00 

0.000 

10D 

8.20 

1.400 

6.800 

7.18 

0.38 

20 ; 

15.10 

2.632 

12.468 

13.17 

0.702 

30° 

19.64 

3.6J3 

16.017 

16.98 

0.963 

41) 

21.21 

4.1^0 

17.090 

18.05 

0.960 

50  ~J 

10.67 

4.120 

15.550 

16.33 

0.780 

oo" 

15.37 

3  623 

11.747 

12.25 

0.503 

70" 

9.22 

2.632 

6.588 

6.64 

0.052 

m 

2.15 

1.400 

0.750- 

0.49 

-  0.260 

no 

-    4.74 

0.000 

-    4.740 

-    5.26 

-  0.520 

100° 

-  10.64 

-  1.400 

-    9.240 

-    9.87 

-  0.630 

110; 

-  14.96 

-  2.632 

-  12.328 

-  12.1)3 

—  0.602 

120' 

-  17.38 

-  3.623 

-  13.757 

-  14.33 

-  0.573 

130 

-  17.86 

-  4.120 

-  13.740 

-  13  67 

-  0.070 

140° 

—  16.55 

-  4.120 

-  12.430 

-  12.77 

-  0.340 

loO 

-  13.75 

-  3.623 

-  10.127 

-  11.37 

-  1.243 

160 

-    9.81 

-  2.6:J2 

-    7.178 

-    7.27 

-  1.092 

170: 

-    5.09 

-  1.400 

-    3.690 

-    3.76 

-  0.070 

180" 

-    0.00 

-  0.000 

0.00 

0.000 

This  comparison  shows  the  close  approximation  obtained  by 
the  use  of  the  tables  given  in  my  paper.  The  inconsistency  of 
Professor  Lanza's  comparison  of  his  partial  solution  with  the 
results  of  my  approximate  method  is  quite  apparent  from  the  fact 
that  by  his  own  figures,  his  partial  solution  is  much  further  from 
the  truth  than  the  approximation  witli  which  he  has  compared  it. 
Moreover,  the  error  of  the  approximate  method  is  of  the  opposite 
kind  from  that  shown  by  his  comparison.  It  may  also  be  noted 
that  in  til*-  problem  solved  by  Prof.  Lanza  the  weight  of  the  con- 
necting rod  is  nearly  equal  to  that  of  all  the  other  reciprocating 
parts  Ltf;  r  •  ^  would  seem  that  the  percentage  of  error  would  be 
considerably  reduced  for  a  case  in  which  the  ratio  of  weight  of 
connecting  rod  to  that  of  the  other  reciprocating  parts  is  smaller 
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and  more  nearly  that  found  in  modern  practice.     Mr.  Lewis,  in 
illustrating  bis  graphical  method,  has  used  a  ratio  of  f. 

In  view  of  all  the  facts  brought  out  in  the  discussion,  it  appears 
that  the  tables  and  method  of  using  them,  as  given  in  my  paper, 
may  be  recommended  as  the  best  practical  means  available  for 
ordinary  use  in  making  computations  for  rotative  effect  of  recipro- 
cating parts  in  high  speed  engines. 
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CCXXXY. 

IS    WATER    GAS  AN  ECONOMICAL  FUEL? 

BY   WILLIAM   KENT.  NEW   YORK. 

(Member  of  the  Society.) 

In  the  discussion  of  Mr.  F.  W.  Taylor's  paper  on  water  gas,  at 
the  Chicago  meeting,  the  writer  stated  that  the  conclusion  to  which 
Mr.  Taylor  had  been  led  by  his  experiments,  viz.  :  that  water  gas 
is  not  as  economical  as  Siemens  gas,  when  used  as  a  fuel  for  steel- 
melting  furnaces,  would  probably  be  confirmed  by  a  theoretical 
consideration  of  the  amount  of  heat  carried  away  in  the  chimney 
gases.  A  further  study  of  the  subject  shows  that  the  opinion  then 
(riven  was  correct. 

Let  C  represent  the  carbon  in  a  given  quantity  of  fuel. 

O  the   oxygen  needed  to  make  carbonic  oxide  (CO)  with 
this  C. 
20  the  oxygen  needed  to  make  carbonic  acid  (C02)  with  the 
same  C. 
H20  the    water   needed   to   make    water  gas  of    the   formula 

(CO  4-  2H)  with  the  same  C. 
N  the  nitrogen  in  the  air  from  which  the  O  is  taken  to  burn 

C  to  CO. 
2X   the   nitrogen  in  the  air   from  which  the  20  is  taken  to 
burn  C  to  COo. 
Ex.  air  the  excess  of  air  used  in  final  combustion  in  the  furnace 
over  that  required  to  make  complete  combustion. 

The  fuel  may  be  used  in  three  ways : 

1st,  by  direct  and  complete  combustion  in  the  furnace. 

2d,  by  partial  combustion  in  the  Siemens  gas  producer,  and  final 

combustion  of  the  Siemens  gas  in  the  furnace. 
3d,  by  partial  combustion   in   the  water  gas  producer,  and  final 

combustion  of  the  water  gas. 
15 
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The  results  of  the  three  ways  of  burning  the  fuel  are  as  follows  : 

Materials  used.  Products. 

1.  Direct.     C  +  20  +  2N  +  Ex.  air  C02  +  2N  +  Ex.  air. 

( In  producer,  C  +  O  +  X  CO  +  X  (Siemens  gas). 

2.  Siemens.-!  In  furnace,  )       ^^    .   OXT   ,   -^ 

I  nn     tct      ^      xt      -r.       •     f      CO.,  +  2N  +  Ex.  air. 
(CO+!N+0  +  :S+  Ex.  air  j 

j  In  producer,  C  +  H20  CO  +  2H  (Water  gas). 

3.  Water  gas.  -j  In  furnace,  )     C02  +  2X+Ex.  air 

(  CO  +  2H  +  20  +  2X  +  Ex.  air    j  +  H20. 

The  final  product  of  (1)  and  (2)  is  the  same.  The  final  product 
of  (3)  differs  from  that  of  (1)  and  (2)  only  in  containing  ELO,  which 
is  the  same  H20  (water)  which  was  added  in  the  producer  in  mak- 
ing the  gas.  This  is  true  whatever  may  be  the  actual  formula  of 
the  water  gas.  All  the  water  originally  used  in  the  manufacture 
of  the  gas  reappears  in  the  products  of  combustion  in  the  chimney. 
The  only  difference  is,  that  in  the  chimney  it  appears  in  the  form 
of  steam,  superheated  to  the  temperature  of  the  chimney  gases, 
while  it  originally  enters  the  system  as  cold  water.  All  the  heat 
contained  in  the  water  thus  escaping  in  the  chimney,  above  the 
amount  it  contained  when  it  was  originally  introduced  into  the 
system,  is  entirely  wasted. 

The  amount  of  heat  thus  wasted  can  be  calculated  if  we  know 
the  amount  of  water  used,  and  its  temperature  on  entering  and  on 
leaving  the  system. 

Suppose  a  pure  water  gas  to  be  of  the  formula 

CO  +  H  made  from  C  +  H20 
or,  pounds,  12  +  16  +  2  12  +  18 

The  escaping  gases  would  contain,  in  addition  to  nitrogen  and  ex- 
cess of  air, 

CO,  +  H20 
pounds  44  +  18. 

The  18  pounds  of  water  being  the  same  from  which  the  water  gas 
was  made  with  12  pounds  carbon.  The  carbon,  if  completely 
burned  from  C  to  C02,  would  generate  12  x  14,500  =  174,000  heat 
units  (Fahrenheit).  Suppose  that  the  chimney  gases  are  cooled  by 
regenerators  or  other  means  down  to  212°  F.,  that  the  water  escapes 
in  the  form  of  steam  of  that  temperature — its  total  heat,  including 
latent  heat  of  evaporation,  being  1,178°  F. — and  that  the  water  en- 
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tered  the  system  at  78°  F.  The  heat  carried  away  by  this  water 
escaping  in  the  shape  of  steam,  in  excess  of  that  which  it  intro- 
duced into  the  system,  would  be 

1,100  x  18  =  19,800  heat  units, 

equal  to  about  11.4  per  cent,  of  the  whole  amount  of  heat  produced 
by  burning  the  12  lbs.  carbon  from  C  to  C02. 

This  is  the  most  favorable  case,  for  it  is  in  practice  never  possible 
to  cool  the  chimney  gases  of  heating  furnaces  to  a  temperature  as 
low  as  212°  F. 

Theoretical  considerations  therefore  indicate  a  loss  of  economy 
in  the  use  of  water  gas  as  fuel,  equal  to  at  least  11  per  cent,  of  the 
total  fuel  value  of  the  carbon  used,  and  this,  independent  of  any 
loss  which  may  arise  from  imperfections  of  the  producer  or  its 
method  of  operation. 

Such  a  loss  is  not  met  with  in  the  Siemens  system,  nor  in  the 
ordinary  system  of  direct  burning  of  the  fuel  upon  a  grate,  except 
in  so  far  as  moisture  in  the  shape  of  cold  water  may  be  present  in 
the  fuel  used. 

The  fact  that  there  is  a  loss  of  economy  in  the  use  of  water  gas 
as  a  fuel,  in  comparison  with  the  direct  use  of  the  carbon  from 
which  it  is  made,  is  clearly  revealed  in  other  ways,  however,  even 
by  some  of  those  who  have  written  in  favor  of  the  water-gas  pro- 
cesses. For  instance,  Dr.  Henry  Wurtz,  in  Yol.  YIII.  Trans. 
Amer.  Inst.  Mining  Engineers,  pp.  295,  296,  shows  that  37.5 
pounds  of  anthracite  coal  are  required  to  generate  1,000  cubic  feet 
of  water  gas,  and  that  water  gas  has  a  heating  power  of  311°  F.  per 
cubic  foot.  This  equals  311,000  heat  units  per  1,000  cubic  feet. 
Assuming  anthracite  to  produce  13,000  heat  units  per  pound  (a 
moderate  figure),  the  37.5  pounds  if  burned  directly  would  produce 
13,000  X  37.5  =  487,500  heat  units,  showing  that  the  water  gas 
has  a  thermic  value  of  only  63.8  per  cent,  of  the  coal  from  which  it 
is  produced. 

Better  results  are  deduced  theoretically  by  Mr.  Win.  A.  Good- 
year, Vol.  XI.  Trans.  Amer.  Inst.  Mining  Engineers,  p.  311.  He 
shows  that  water  gas  derived  from  anthracite  has  about  81  per 
cent,  of  the  heat-producing  power  of  the  carbon  contained  in  the 
anthracite.  Neither  of  the  two  writers  named,  however,  seems  to 
have  considered  the  cause  of  the  loss  of  heat  to  which  I  have  re- 
ferred, viz.:  the  carrying  away  of  heat  in  the  superheated  steam  in 
the  chimney  gases. 
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DISCUSSION. 

Mr.  Fred.  W.  Taylor. — The  writer  agrees  with  Mr.  Kent  in  his 
main  conclusion,  that  "  water  gas  is  not  as  economical  as  Siemens 
gas,  when  used  as  a  fuel  for  steel  melting  furnaces ; "  but  he  can- 
not agree  that  the  above  conclusion  could  be  arrived  at  bj  "  a 
theoretical  consideration  of  the  amount  of  heat  carried  away  in 
the  chimney  gases "  alone.  On  the  contrary,  if  we  were  to  con- 
sider merely  the  relative  amounts  of  heat  carried  away  by  the 
chimne}7  gases,  water  gas  would  be  shown  to  be  more  economical 
than  Siemens  gas. 

In  the  calculations  as  a  result  of  which  Mr.  Kent  arrives  at  the 
following  conclusion,  "  Theoretical  considerations,  therefore,  in- 
dicate a  loss  of  economy  in  the  use  of  water  gas  as  fuel,  equal  to 
at  least  eleven  per  cent,  of  the  total  fuel  value  of  the  carbon  used, 
and  this  independent  of  any  loss  which  may  arise  from  imperfec- 
tions of  the  producer  or  its  method  of  operation.  Such  a  loss  is 
not  met  with  in  the  Siemens  system,  etc.,  etc,"  he  has  entirely 
overlooked  the  fact  that  the  water  which  passes  off  in  the  chim- 
ney, in  the  form  of  steam,  is  produced  by  the  combustion  of  the 
hydrogen  (H)  in  water  gas  which,  in  burning  from  H  to  ILO, 
develops  a  larger  amount  of  heat  than  any  other  constituent  of 
water  gas. 

Mr.  Kent  very  truly  states  that  "the  carbon,  if  completely 
burned  from  C  to  CO.,,  would  generate  174,000  heat  units  (Fahren- 
heit) ; "  but  he  makes  no  mention  of  the  anuount  of  heat  which  the 
hydrogen  develops  in  burning  from  H  to  FLO. 

Mr.  Kent  has  also  overlooked  the  fact  that  the  waste  products 
of  enough  Siemens  gas  to  generate  the  same  amount  of  heat  as 
would  be  generated  by  a  given  amount  of  water  gas  contain  about 
four-fifths  as  much  superheated  steam  as  the  waste  products  of 
water  gas.  Any  conclusions,  therefore,  which  are  based  on  cal- 
culations which  do  not  consider  all  of  the  elements  of  the  problem, 
are  likely  to  be  misleading. 

It  would  seem  to  the  writer  that  the  following  were  a  better 
method  of  dealing  with  this  problem. 

Let  us  first  select  a  sample  of  Siemens  gas  and  one  of  water 
gas,  whoee  analyses  show  them  to  be  of  about  average  quality. 
Such  samples,  I  think,  would  be  the  following  : 

For  water  gas,  a  sample  taken  from  Lowe's  gas  producers,  after 


IS  WATER  GAS  AN  ECONOMICAL  FUEL  ?  229 

passing  through  purifier,  at  Novelties  Exhibition,  Philadelphia, 
October  16, 1885  : 

CO 44.5  vols. 

H 50.9 

O 7)  A- 

N 28jAlr- 

1.1  undetermined. 

For  Siemens  gas,  an  average  of  a  large  number  of  samples 
taken  from  the  Siemens  producers  at  Midvale  Steel  Co.,  Nice- 
town,  Philadelphia,  1883 : 

CO., 1.5  vols. 

CO 23.G 

H 6.0 

CH4 3.0 

N 65.9 

One  cubic  foot  of  water  gas  of  the  above  composition  will  de- 
velop in  burning  327  heat  units  (lb.  Fahrenheit),  including  the 
latent  heat  of  evaporation  of  the  superheated  steam  which  escapes 
in  the  stack.  2.42  cubic  feet  of  Siemens  gas  will  also  develop 
327  B.  t.  u.  But  one  cubic  foot  of  water  gas,  after  having  been 
burned,  will  produce  only  2.87  cubic  feet  of  waste  or  chimney 
gases,  while  its  equivalent,  2.42  cubic  feet  of  Siemens  gas,  will 
produce  4  59  cubic  feet  of  chimney  gases. 

Supposing  that  the  chimney  gases  enter  the  stack  at  a  tempera- 
ture of  400°,  which  is  a  low  chimney  temperature  for  furnaces, 
and  that  the  water  and  air  used  in  making  and  burning  the  gases 
entered  the  furnaces  at  a  temperature  of  78°  F.,  the  2.87  cubic 
feet  constituting  the  chimney  gases  resulting  from  the  combustion 
of  one  cubic  foot  of  water  gas  will  carry  to  waste  44.305  B.  t.  u. 
(including  the  latent  heat  of  evaporation  of  the  steam  contained 
in  them),  while  the  4.59  cubic  feet  constituting  the  chimney  gases 
resulting  from  the  combustion  of  2.42  cubic  feet  of  Siemens  gas 
will  carry  to  waste  51.51  B.  t.  u.  (including  the  latent  heat  of 
evaporation  of  the  steam  contained  in  them). 

From  the  above  figures  we  see  that  in  the  case  of  Siemens  gas 

51  5] 
Knff—  15.75  per  cent,  of  the  total  heat  generated  is  lost  in  the 

44.305 
stack,  while  in  the  case  of  water  gas  only  ~~ o97   —  13.55  per  cent. 

of  the  total  heat  generated  is  carried  away  by  the  chimney  gases. 
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If  the  relative  values  of  the  two  gases  were  to  be  judged  by  the 
relative  amounts  of  heat  wasted  in  the  chimney,  water  gas  would 
be  shown  to  be  2.2  per  cent,  more  economical  than  Siemens  gas. 
In  point  of  fact,  the  two  principal  causes  which  render  water  gas 
less  economical  than  Siemens  gas  have  relation  to  the  process 
of  manufacture  of  the  two  gases.     They  are  as  follows  : 

First.  The  fuel  available  for  making  water  gas  is  more  expen- 
sive than  that  used  for  Siemens  gas. 

Second.  There  is  a  great  waste  of  heat  in  making  water  gas, 
during  that  part  of  the  process  in  which  ah'  is  blown  through  the 
coals  to  heat  them  to  incandescence.  Just  how  much  heat  is  here 
wasted  no  calculations  can  show.  Experience,  however,  shows  it 
to  be  large. 

Mr.  Kent. — I  have  not  stated  in  my  paper  at  all  that  this  loss 
of  heat  in  the  chimney  was  the  principal  loss  in  the  water-gas 
process.  I  state  distinctly  that  the  loss  of  eleven  per  cent,  is 
independent  of  any  loss  which  might  occur  from  the  defects  of 
the  producer. 

Mr.  Taylor's  criticism  consists  chiefly  in  saying  that  I  have 
overlooked  several  things.  I  have  overlooked  them  purposely, 
and  that  is  the  proper  way  to  get  at  this  problem,  by  overlooking 
the  intermediate  stages  of  the  process,  and  considering  only  the 
beginning  and  the  end  of  the  process,  the  fuel  used  to  generate 
the  heat,  and  the  amount  of  heat  wastefully  discharged.  He 
begins  his  calculation  by  taking  a  pound  of  water  gas  and  com- 
paring it  with  an  equivalent  amount  of  Siemens  gas.  I  begin 
with  a  ton  of  coal,  and  burn  that  coal  in  three  ways :  first  on  a 
grate,  second  in  the  Siemens  system,  and  third  in  the  water-gas 
system.  My  calculation  here  shows  conclusively,  I  think,  that  in 
burning  in  the  Siemens  system,  or  on  a  grate,  the  final  product 
in  the  chimney  will  be  the  same.  In  burning  in  the  water-gas 
system  there  will  be  an  amount  of  superheated  steam  going  off, 
which  carries  away  heat  equal,  at  the  very  lowest  calculation,  to 
eleven  per  cent,  of  the  heating  value  of  the  carbon  in  the  coal. 

Mr.  A.  P.  Trautwein. — The  concern  with  which  I  am  connected 
has  been  engaged  for  some  ten  years  or  more  in  developing  the 
methods  of  manufacture  and  use  of  water  gas,  principally,  how- 
ever, for  the  purposes  of  illumination,  rather  than  for  metallurgical 
or  general  fuel  purposes.  Of  course,  the  applicability  of  water 
gas  for  these  latter  uses  has  received  more  than  mere  incidental 
consideration,  because  schemes  to  introduce  fuel  gas  into  cities 
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have  repeatedly  been  proposed,  and.  from  our  close  connection 
with  the  gas-lighting  interests,  have  naturally  come  under  our 
notice.  The  conclusion,  however,  was  definitely  reached,  in  every 
instance,  that  whatever  the  advantages  of  water  gas  in  other  re- 
spects, it  cannot  be  regarded  as  an  economical  means  of  utilizing 
to  the  best  extent  the  calorific  value  of  coal.  There  are,  however- 
instances  in  which  water  gas  must  be  applied  for  fuel  purposes, 
quite  independent  of  these  economic  considerations,  and  in  the 
operations  of  our  own  establishment  it  now  finds  a  daily  and  very 
successful  application. 

Regarding  the  point  about  which  Messrs.  Taylor  and  Kent  are 
in  controversy,  there  is  but  this  to  say  :  It  is  quite  immaterial,  for 
the  purpose  of  arriving  at  a  solution  of  the  problem,  whether  the 
primary  combustion  of  the  coal  is  carried  on  in  an  atmosphere  of 
steam  (as  is  done  in  the  water-gas  system),  and  the  secondary 
combustion  concluded  in  the  presence  of  air,  or  whether  (as  in  the 
Siemens  producer  and  its  regenerative  furnace)  the  combustion, 
both  primary  and  secondary,  occurs  in  air ;  because,  granting  that 
the  laws  of  the  conservation  of  energy  hold  true,  it  is  not  neces- 
sary to  consider  any  of  the  intermediate  steps  ;  and  we  have  but 
to  look  to  the  final  products  of  combustion,  and  note  wherein  they 
differ,  and  how  much  heat  they  carry  to  waste,  to  arrive  at  a 
knowledge  of  how  much  more  heat  energy  is  lost  in  one  process 
than  in  the  other.  This  is  the  method  suggested  by  Mr.  Kent, 
whose  way  of  looking  at  the  whole  problem  is,  in  my  opinion,  un- 
questionably correct.  The  final  products  of  combustion  are  the 
same  in  both  cases,  except  that  in  ad(Tition  to  the  carbonic  oxide 
and  nitrogen,  we  also  find,  in  the  water-gas  system,  a  certain 
amount  of  water  vapor,  which  entered  it  at  the  boiler  in  the  form 
of  comparatively  cold  feed  water,  and  here  reappears  as  super- 
heated steam.  It  is  this  steam,  which,  aside  of  course  from  all 
questions  of  radiation  and  similar  losses,  represents  the  waste  of 
energy  in  the  manufacture  of  fuel  gas  by  the  water-gas  process,  as 
compared  with  the  Siemens  producer  and  furnace. 

Mr.  F.  W.  Ta/ylor. — I  would  ask  what  Mr.  Kent  has  to  say  to 
the  fact  that  the  waste  chimney  gases  of  Siemens  gas  contain  four- 
fifths  as  much  superheated  steam  as  the  waste  chimney  gases  of 
water  gas.  He  has  entirely  overlooked  the  fact  that  the  waste 
products  of  Siemens  gas  contain  superheated  steam. 

If  he  will  take  the  pains  to  study  the  actual  composition  of  the 
waste  chimney  gases  of  the  Siemens  gas,  he  will  find  that  they 
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contain  four-fifths  as  much  weight  of  superheated  steam  as  is  con- 
tained in  the  waste  products  of  water  gas. 

How  he  can  say,  in  view  of  that  fact,  that  there  is  a  waste  of 
eleven  per  cent,  of  the  total  fuel  value  of  the  water  gas,  which  does 
not  take  place  in  the  Siemens  gas,  I  cannot  see.  That  is  his  main 
conclusion. 

Mr.  Kent. — My  answer  to  that  is  that  the  coal  used  in  making 
that  Siemens  gas  must  have  been  very  wet. 

Mr.  Taylor. — The  coal  used  in  making  that  Siemens  gas  was 
the  ordinary  bituminous  coal,  from  which  most  of  the  Siemens  and 
illuminating  gas  in  the  country  is  made,  and  contained  no  more 
moisture  than  such  coal  ordinarily  contains. 

In  the  process  of  generating  Siemens  gas,  the  light  hydrocarbon 
and  hydrogen  gases  are  driven  off  from  the  coal  first.  They  con- 
stitute the  most  valuable  and  richest  part  of  the  Siemens  gas ;  and 
the  steam  contained  in  the  waste  products  of  Siemens  gas  results 
from  the  combustion  of  this  hydrogen. 

I  have  never  seen  an  analysis  of  good  Siemens  gas  which  did 
not  contain  a  considerable  amount  of  free  hydrogen  and  light 
hydrocarbon  gases. 

I  would  inform  Mr.  Kent  that  when  the  bituminous  coal  used 
for  making  Siemens  gas  does  not  contain  a  sufficient  amount  of 
moisture  to  generate  the  desired  quantity  of  hydrogen,  it  is  cus- 
tomary to  add  water  to  the  coal,  either  in  the  form  of  steam  intro- 
duced into  the  producer,  or  water  in  the  ash  pit. 

I  agree  with  Mr.  Kent  entirely  that  water  gas  is  less  economical 
as  a  fuel  than  Siemens  gits.  But  I  disagree  with  him  that  any 
such  conclusion  can  be  arrived  at  by  the  examination  of  the  chim- 
ney gases  alone. 

Mr.  Geo.  Schuhmann.—'We  are  not  using  any  water  gas,  but  I 
have  read  all  the  literature  on  this  subject  that  I  could  find,  and 
have  no  doubt  Mr.  Kent's  view  is  correct  theoretically,  and  assum- 
ing perfect  combustion,  we  can  get  more  heat  units  out  of  a  ton  of 
coal  by  burning  it  direct,  than  we  can  by  transforming  it  first  into 
water  gas  ;  but  this  does  not  answer  the  question  at  the  head  of 
this  paper,  for  we  may  also  prove  that  we  cannot  get  as  many  heat 
units  out  of  a  certain  amount  of  steam  as  we  could  get  by  direct 
combustion  of  the  coal  which  was  necessary  for  generating  said 
amount  of  steam,  and  still  a  great  many  factories,  etc.,  are  heated 
more  economically  with  steam  than  b}^  burning  coal  in  stoves ; 
so  it  is  Avith  water  gas,  although  at  a  disadvantage  theoretically, 
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I  think  it  can  be  used  as  fuel  where  Siemens  gas  will  not  work 
satisfactorily,  and  where  coal  can  only  be  used  with  a  large  waste  ; 
for  instance,  in  small  furnaces,  or  where  a  large  amount  of  heat 
is  to  be  concentrated  at  a  certain  spot  without  heating  too  much 
of  the  surrounding  material.  I  have  been  looking  around  for  a 
gas  producer  that  will  make  gas  for  small  furnaces,  but  the  manu- 
facturers of  the  various  modifications  of  Siemens  producers  would 
not  guarantee  economy  in  small  furnaces ;  one  manufacturer  told 
me  that  Siemens  gas  could  not  give  much  economy  without  re- 
generative chambers,  which,  we  know,  are  very  expensive  affairs. 
I  have  not  given  up  the  search  yet,  but  am  inclined  to  believe 
that  for  small  furnaces  water  gas  is  a  more  economical  fuel  than 
Siemens  gas,  especially  if  the  latter  can  hardly  be  used  at  all. 
Therefore,  speaking  from  a  practical  point  of  view,'  I  should 
answer  Mr.  Kent's  question  :  "Is  water  gas  an  economical  fuel  ?  " 
by  saying  :  "That  depends  on  what  it  is  to  be  used  for."  I  simply 
make  these  remarks,  so  that  those  who  are  experimenting  with 
water  gas  will  not  get  discouraged  by  reading  Mr.  Keut's  paper. 

Mr.  Taylor  spoke  about  the  large  amount  of  heat  developed  by 
burning  hydrogen,  but  that  does  not  alter  Mr.  Kent's  argument, 
because  it  requires  just  as  man}r  heat  units  to  dissociate  the 
hydrogen  from  the  oxygen  when  blowing  steam  over  hot  coal. 

Mr.  Kent. — I  entirely  agree  with  Mr.  Schuhmann  on  that  point, 
and  I  only  referred  to  heating  on  a  large  scale,  as  in  a  steel  melt- 
ing furnace.  The  other  day  some  one  asked  me  about  small 
furnaces,  and  I  said  I  would  either  use  water  gas  for  it,  or  take 
common  illuminating  gas  out  of  the  street  mains.  The  choice 
then  would  be  between  building  a  water-gas  producer  or  buying 
the  gas  from  a  gas  company. 

The  Chairman.- — "While  not  pretending  to  any  expert  knowledge 
on  the  subject  of  Siemens  and  water  gases,  it  has  seemed  to  me, 
as  I  have  listened  to  this  discussion,  that  there  is,  after  all,  an 
explanation  of  the  apparently  radical  difference  between  Mr. 
Taylor  and  Mr.  Kent,  which  may  be  compared  to  the  case  of  a 
steam  engine  and  boiler.  One  method  of  testing  a  steam  engine 
and  boiler  plant,  as  a  whole,  would  be  to  weigh  the  amount  of 
fuel  put  in  at  one  end  and  measure  the  amount  of  heat  which 
disappeared  in  the  chimney,  and  to  consider  the  useful  effect  as 
the  difference  between  them.  But  if  the  purpose  was  to  apply 
the  steam  generated  to  producing  power,  it  would  be  necessary 
to  take  into  account  one  of  the  intermediate  steps  of  the  process, 
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namely,  the  steam  engine,  and  the  efficiency  derived  from  that 
would  thus  become  a  factor.  Mr.  Taylor's  position,  as  I  under- 
stand it,  brings  in  these  intermediate  questions ;  while  Mr.  Kent's 
ignores  those  and  takes  account  only  of  the  two  extremes  of  the 
process.  Both  points  of  view  may  be  correct.  It  may  be  neces- 
sary, under  different  conditions,  to  consider  the  one  or  the  other, 
but  I  do  not  see  that  there  is  necessarily  any  conflict  between 
them.  I  understand  that  that  is  also  Mr.  Schuhmann's  explana- 
tion of  the  matter. 

Mr.  Schuhmonn. — Yes,  sir;  it  depends  a  great  deal  on  the  use 
to  which  the  gas  is  to  be  put. 
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(Member  of  the  Society.) 

In  a  paper  submitted  at  the  Boston  meeting  in  November,  1885, 
the  writer  described  an  apparatus  *  for  determining-  the  amount  of 
moisture  in  steam,  which  operated  on  an  entirely  different  plan  from 
any  hitherto  used.  It  was  pointed  out  that  the  new  method  con- 
sisted in  evaporating  the  moisture  held  by  the  steam,  and  measuring 
its  quantity  by  determining  the  amount  of  heat  required  for  that 
purpose. 

At  the  time  of  submitting  the  paper,  the  new  instrument  had  been 
in  use  sufficiently  long  to  establish  its  practicability,  and  to  show 
that  it  was  substantially  reliable ;  but  it  had  been  used  only  in  an 
experimental  way.  During  the  past  year,  it  has  been  employed  for 
several  cases  of  practical  tests  of  boilers,  and  it  is  proposed  now  to 
give  the  results  of  these  tests  and  thus  furnish  a  supplementary 
notice  relating  to  its  practical  operation. 

To  enable  the  subject  to  be  properly  understood,  the  cut,  Fig.  86, 
showing  the  principal  features  of  the  new  calorimeter,  given  in  the 
former  paper,  is  here  reproduced. 

In  all  cases  thus  far  tried,  the  pipe  conveying  the  steam  to  be 
te&ted  has  .been  a  half-inch  iron  pipe.  A  long  thread  is  cut  on  this 
pipe,  and  it  is  screwed  into  the  main  steam  supply  pipe  of  the  boiler 
in  such  a  manner  as  to  extend  diametrically  across  to  the  opposite 
side.  The  inclosed  part  is  perforated  with  from  40  to  50  one-eighth 
inch  holes,  and  the  open  end  of  the  pipe  sealed.  If  the  pipe  is 
screwed  into  the  under  side  of  the  main,  the  perforations  begin  at 
a  distance  of  one  inch  from  the  bottom.  The  connection  between 
the  main  and  the  calorimeter  is  made  as  short  as  possible,  and 
covered  with  hair  felting.     Where  the  calorimeter  can  be  attached 

*  A  New  Form  of  Steam  Calorimeter.    Trans.  A.  S.  M.  E.,  Vol.  VII.,  p.  178. 
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to  the  under  side  of  the  main,  the  distance  to  the  stop  valve  II  (see 
cut)  need  not  exceed  six  inches.  In  this  position  the  apparatus  is 
self-supporting.     The  steam  for  the  superheater  is  also  supplied  by 


SteaJn  To  kt  tested.    -  -  -  ■ 

i"  p1p«- 


Dr*p... 


.-■ '  Stfcam  for  5u.ptrhtotvr 
t"PlP- 


7/Ufh.c 


Steam  Color  im&fer 


G.eo .  J~C.^Sa.-rrus 


a  half-inch  iron  pipe,  but  this  may  be  attached  to  the  main  at  any 
convenient  point,  and  no  special  form  of  connection  is  required. 

Case  No.  1. — Tests  at  the  Akltngton  Mills,  Lawkence,  Mass. 

Two  kinds  of  boilers  were  tried  ;  one,  termed  the  "Hawkins,"  a 
horizontal  din  et  tubular  boiler,  and  one,  termed  the  "  Old  Boilers," 
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a  set  of  three  horizontal  return  tubular  boilers.  The  Hawkins 
boiler  is  8  ft.  in  diameter,  20  ft.  long,  and  contains  206  3-inch  tubes. 
The  area  of  the  heating  surface  amounts  to  3,242  sq.  ft.  The  steam 
pipe  is  8  in.  in  diameter  and  is  provided  with  straight-way  valves. 
It  is  attached  to  a  point  near  the  front  end  of  the  boiler.  There  is 
no  dry  pipe  or  steam  dome.  The  Old  Boilers  are  60  in.  in  diameter, 
17  ft.  long  between  heads,  and  each  contains  77  3-inch  tubes.  The 
collective  area  of  the  heating  surface  amounts  to  3,306  sq.  feet.  The 
steam  pipes  are  4  inches  in  diameter  leading  into  a  10-inch  main, 
and  are  provided  with  globe  valves.  They  are  attached  to  the  front 
ends  of  the  shells,  and  there  are  no  dry  pipes  or  domes. 

The  calorimeter  was  attached,  at  a  distance  of  6  inches,  to  the 
under  side  of  a  horizontal  pipe  which  could  be  connected  to  either 
boiler,  this  being  a  pipe  supplying  an  engine  which  consumed  about 
4,000  lbs.  of  steam  per  hour.  When  the  boilers  produced  more  than 
this  quantity,  the  surplus  passed  off  into  an  independent  pipe. 

The  results  of  the  tests  of  Case  No.  1  are  given  in  Tables  Nos. 
1  and  2. 

TABLE  No.  1.— Results  op  Tests. 
Case  No.  1. 


Which  Boiler. 


Haw- 
kins. 


Old  Boilers,  Nos.  2,  3, 
and  4. 


Hawkins. 


Date,  1886. 

Equivalent  evaporation  per  hour  with 
feed  1(10°  and  pressure  70  lbs lbs. 

Equivalent  evaporation  per  hour  with 
feed  100°  and  pressure  70  lbs.  per  sq. 
ft.  healing  surface lbs. 

Horse-power  developed  according  to 
A.  S.  M.E.  Standard H.  P. 

Percentage  of  moisture  in  steam 
given  by  calorimetric  test. % 


Apr.  13. 


Apr.  14. 


Apr.  15. 


Apr.  16. 


Apr.  30. 

May  4. 

6,769.7 

6,144.3 

2.09 

1.89 

225.6 

204.8 

0.32 

0.49 

May  5. 


4,168.1 

1.89 

138.9 
1.02 


4,240.4 

1.29 

141.3 

0.86 


7,106.4 

2.15 
236.9 

0.54 


6,860.0 

2.07 

228.7 

0.49 


6,437.1 

1.99 

214.6 

0.43 
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TABLE  No.  2. 

DATA  AND  RESULTS  IX  FULL  OF  CALORIMETER  TESTS. 

Case  No.  1. 


o 
o 
a 

Date. 

Which 
Boilers. 

Ganj 
Pres 
sure 

Number  of  degrees  in- 
let steam  was  super- 
heated. 

CO    CD 

a?  - 

kz 
tc 

1! 

-=   = 

o 
111 

Z 

Number    of    degrees 

Wet  steam  wassuper- 

heated. 

8«  S  2 
tr  ;  -  ^ 

--=  -   c 

"H7£  = 
-  -■  -  '— 
■E  -  P  :  / 
---■■■ 

Number     of     degrees 
representing    radia- 
tion   from    supply 
pipe. 

Amount  of 

moisture  in  the 

wet  steam. 

U 

c 

£ 

s 

= ._ 

-=  -  ?. 

7  '■    - 

y  t  z 

~  * 
P 
II 

Ha 

1 

Apr.  13. 

Hawkins. 

89 

99. 

54.6 

8. 

8. 

9.5 

19. 

1.02 

2 

"    14 

Old  Boilers. 

89 

75. 

37. 

5.5 

8. 

9.5 

16. 

0.86 

3 

"     15. 

" 

S6 

74. 

37. 

r. 

10.3 

9.5 

10. 

0.54 

4 

"     16. 

" 

86 

74. 

39. 

9.5 

7. 

9.5 

9. 

0.49 

5 

"    30. 

Hawkins. 

85 

T'~ 

38. 

10.5 

8. 

9.5 

6. 

0.32 

6 

May   4. 

" 

80 

77.5 

41.5 

9.5 

18. 

9.5 

9. 

0.49 

7 

"      5. 

" 

84 

68. 

36.5 

8.5 

« 

9.5 

8. 

0.43 

Note.— The  duration  of  each  of  these  tests  was  about  one  hour. 

Case  No.  2. — Tests  at  the  Cocheco  Mills,  Dover,  N.  H. 

Two  kinds  of  boilers  were  also  tried  here ;  one,  a  set  of  two  82 
H.  P.  Babcock  and  Wilcox  boilers  whjch  have  a  collective  area  of 
heating  surface  amounting  to  1,886  sq.  ft.,  and  one,  a  set  of  two  60- 
in.  horizontal  return  tubular  boilers  having  a  collective  heating 
surface  of  2,100  sq.  ft.,  each  containing  80  3-inch  tubes.  The 
steam  is  delivered  at  the  back  ends  of  the  B.  and  W.  boilers,  and 
at  the  front  ends  of  the  tubular  boilers,  in  both  cases  through  4-inch 
nozzles. 

The  calorimeter  was  attached  during  the  tests  numbered  from  8 
to  12  to  the  under  side  of  the  6-inch  horizontal  main  pipe  of  the 
B.  and  "W.  boilers,  and  during  test  No.  15  to  the  same  pipe  nearer 
the  boilers  at  a  point  where  it  runs  in  a  vertical  direction.  The 
supply  pipe  in  the  first-named  position  was  6  inches  long;  in  the 
second,  10  feet  long.  During  tests  13  and  14,  the  calorimeter  was 
attached  to  the  vertical  nozzle  of  one  of  the  horizontal  tubular 
boilers,  and  here  the  same  form  and  length  of  supply  pipe  were 
used  as  in  test  No.  15. 

The  results  of  these  tests  are  given  in  Tables  Nos.  3  and  4. 
Table  No.  5  gives  the  full  record  of  the  observations  taken  during 
test  No.  10. 


*  Obtained  by  dividing  the  preceding  column  by  18.6,  the  number  of  degrees  corresponding  to 
1  per  cent,  of  moisture. 
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TABLE  No.  3. 

RESULTS   OF  TESTS   ON   THE   BABCOCK   AND   WILCOX  BOILERS. 

Case  No.  2. 


Date,                                                           1886. 

mine 
16. 

June 
17. 

June 
Si. 

June       June 
23.            30. 

Equivalent  evaporation  per  hour  from  100" 
at  70  lbs.  per  sq.  ft.  of  heating  surface,  .lbs. 

2.55 

3.67 

3.17 

3.25 

3.16 

Horse-power  developed,  A.  S.  M.  E.  rating. 

H.  P. 

156.9 

230.5 

199.6 

204.4 

198.5 

Percentage  of  moisture  in  the  steam  as  deter- 

0.49 

• 

0.04 

0.58 

0.66 

0.44 

Xote.— The  rate  of  evaporation  on  the  horizontal  tubular  boilers  was  not  measured  at  the 
time  of  these  tests.  From  data  obtained  at  another  time,  it  is  judged  that  about  2.5  lbs.  of  water 
were  evaporated  per  sq.  ft.  of  heating  surface  per  hour. 

TABLE  No.  5. — Full  Record  of  Observations,  taken  during  Test 

No.  10. 

Case  No.  2. 


Gauge 

attached 

Temperatures. 

Super- 
heated 

Super- 
heated 

Stearr  issu- 

Time. 

to  wet 

steam  en- 

pteam 

wet  steam 

Remarks. 

steam 
pipe. 

tering 
jacket. 

jacket. 

pipe. 

Thermom- 

Thermom- 

Thermom- 

eter A. 

eter  B. 

eter  C. 

7.50 

66.5 

315.5 

310. 

313. 

Wet  steam  blowing  th 
jacket  at  7.50. 

rough 

8.15 

69. 

381. 

344. 

321. 

30 

69. 

392. 

350. 

320.5 

Light  the  superheater 
at  7.53. 

lamp 

37* 

66.5 

398. 

352. 

319. 

4--> 

67. 

412. 

360. 

326. 

521 

69. 

404. 

859. 

327. 

9.00 

72.5 

411. 

363.  , 

327. 

07* 

71. 

403. 

359. 

82o. 

15 

71.5 

411. 

::i34. 

329. 

24 

69.5 

410. 

363. 

325.5 

33 

73. 

406. 

361. 

324. 

40 

73. 

410. 

362 . 

328. 

47 

72. 

409. 

363. 

328. 

53 

69. 

407. 

362. 

827. 

10.03 

73. 

401. 

359. 

326. 

15 

69. 

407. 

361. 

327. 

22* 

70. 

406.5 

362. 

328.5 

35 

74. 

399. 

360. 

329.5 

45 

68.5 

406. 

362. 

:;27.5 

THE    NEW    CALORIMETER. 
TABLE   No.  5— eanti 


241 


Gauge 

attached 
m  wet 
steam 
pipe. 

Temperatures. 

Time. 

Super- 
heated 
steam  en- 
tering 
jacket. 

*  Super- 
heated 
steam 
leaving 
jacket. 

Steam  i^su- 

inir  from 

wet  --team 

pipe. 

Remarks. 

Thermom-  Thermom- 
eter A.           eter  B. 

Thermom- 
eter C. 

10  .8 
11.00 
.071 
.15 
.  23 
.32 
.40 

.51 
12.03 

70 . 5 

67.5 

72.0 

70.5 

73. 

71. 

65. 

73.5 
68.5 

409.            362. 
409.            362. 
401.            360. 
405.            3-,9.5 

405.  362. 

406.  361. 
409.            361.5 

320.5         316. 
316.           312. 

328. 
327. 
327. 
326. 
330. 
328 . 
327. 

318.     • 
314. 

Shut  off  superheater  lamp  at 
11.41. 

70.6 

406.6          361.3 
318.0         314.0 

327.2 
316.0 

Average  of  observations  from 
8.45—11.40  incl. 

Indication  of  thermometers 
in  saturated  st^am  of  aver- 
age pressure. 

88.6 

I     47.3 

11.2 

Number  of  degrees  of  super- 
heating. 

Still  another  set  of  horizontal  return  tubular  boilers  was  tried 
at  the  Trenton  Electric  Light  Co.'s  plant.  These  boilers  are  5 
feet  in  diameter  and  15  feet  long  between  heads.  The  steam 
space  is -divided  horizontally  into  two  compartments  by  a  per- 
forated diaphragm.  The  steam  is  supplied  to  two  "Westinghouse 
Automatic  Engines  12-inch  diameter,  11-inch  stroke,  making  338 
revolutions  per  minute.  The  evaporation  amounted  to  about  four 
pounds  of  water  per  square  foot  of  heating  surface  per  bour. 
The  results  of  the  calorimeter  tests  showed  that  the  steam  con- 
tained 0.37  per  cent,  of  moisture. 

No  comment  is  needed  for  the  purposes  in  view,  in  regard  to 
the  nature  of  the  various  results  obtained.  The  object  is  solely  to 
show  to  the  interested  student  of  the  subject  how  the  new  calo- 
rimeter operates  in  the  cases  of  actual  practice  where  it  has  been 
applied.  It  is  hoped  that  enough  ground  is  covered  by  the  tests, 
16 
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to  do  this  in  a  way  which  will  be  understood.  In  the  course  of 
many  days'  work  which  the  writer  has  devoted  to  its  use,  he  lias 
had  an  opportunity  critically  to  observe  its  performance.  No  de- 
fect has  yet  appeared.  On  the  contrary,  several  advantages  over 
the  instrument  commonly  used  have  come  prominently  to  notice. 
The  manipulation  of  the  apparatus  is  exceedingly  simple.  The 
action  is  continuous,  and  nothing  but  the  gas  valve  requires  adjust- 
ment. The  readings  are  confined  to  the  three  thermometers  and 
the  steam  gauge,  and  the  temperatures  do  not  require  to  be  taken 
with  that  accuracy  which  characterizes  the  employment  of  the 
familiar  forms  of  water  calorimeters. 

The  objection  Avhich  Mr.  Babcock  raised  in  the  discussion  on  the 
former  paper,  that  there  might  be  a  difference  in  the  size  of  the 
orifices,  does  not  appear  to  be  a  serious  one,  even  if  a  considerable 
difference  should  exist.  If  any  doubt  arises  as  to  the  equality  of 
the  two  currents,  it  can  easily  be  removed  by  condensing  the  issu- 
ing steam  in  two  tubs  of  water,  and  measuring  the  rate  of  dis- 
charge by  actual  test.  Knowing  the  exact  measure  of  the  two 
currents,  the  effect  of  an  inequality  can  be  allowed  for.  In  the 
case,  for  example,  of  test  No.  13,  a  difference  of  five  per  cent, 
would  affect  the  result  expressed  in  degrees  of  superheat,  three 
degrees,  and  expressed  in  percentage  of  moisture,  0.16  per  cent. 

The  writer  is  indebted  to  Mr.  Hartshorne,  Superintendent  of  the 
Arlington  Mills,  Mr.  Holland,  Agent  of  the  Cocheco  Mills,  The 
Babcock  and  "Wilcox  Co.,  and  Messrs.  Westinghouse,  Church,  Kerr 
tfc  Co.,  for  whom  the  various  tests  were  severally  made,  for  per- 
mission to  use  the  figures  here  given. 

DISCUSSION. 

Mr.  G.  H.  Babcock. — I  suppose  in  mechanics,  as  in  agriculture 
and  ethics,  a  tree  is  to  be  known  by  its  fruit.  It  may  be  well, 
therefore,  to  apply  this  test  to  the  instrument  which  Mr.  Barrus 
presented  to  us  last  year,  and  of  which  he  has  now  given  us  data 
by  which  we  niay  judge  of  its  working  as  compared  to  other 
calorimeters.  It  may  be  difficult,  perhaps,  to  establish  an  exact 
basis  of  comparison,  as  it  is  evident  that  in  no  case  have  we  any- 
thing more  definite  by  which  to  judge  of  the  qualities  of  the  steam 
than  the  indications  of  the  instruments  themselves,  which  may  be 
correct  and  may  not.  Nevertheless,  that  instrument  which  will 
give  us  the  most  uniform  results  under  any  given  circumstances 
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is  doubtless  to  be  preferred.  The  calorimeters  heretofore  used 
have  given  very  irregular  results,  and  it  has  only  been  by  the 
averaging  of  a  large  number  of  such  tests  that  anything  approxi- 
mating accuracy  could  be  attained.  I  have  plotted  a  number  of 
different  calorimeter   experiments   made   by  different  engineers 
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with  different  calorimeters,  in  order  to  illustrate  this  point,  and  as  a 
means  of  judging  whether  the  results  obtained  by  the  Barrus 
calorimeter  are  any  more  uniform  than  those  by  others.  In  the 
diagram,  Fig.  87,  the  line  A  shows  the  results  of  a  test  of  the 
Galloway  boiler  at  the  Centennial  Exhibition.  The  horizontal 
scale  is  time,  the  vertical  scale  is  quality  of  steam — one  being 
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saturated,  more  than  one,  superheated,  while  less  than  one  denotes 
percentage  of  water.  The  tests  were  made  every  twenty  minutes, 
and  vary  in  their  indications,  very  erratically,  from  3.V;  moisture 
to  10;/  superheating.  The  average  of  all  the  experiments  shows 
some  superheating,  although  the  Galloway  boiler  has  no  super- 
heating surface,  and  it  is  not  possible  that  any  such  condition  of 
the  steam  could  exist.  These  extremely  variable  results  are  the 
more  remarkable  because  tbey  were  obtained  from  a  boiler  in 
which  the  quality  of  the  steam  could  not  vary  to  any  appreciable 
extent,  when  run  as  it  was  at  this  test.  The  instruments  used 
were  a  barrel  calorimeter  with  ordinary  platform  scales  and  ther- 
mometers graduated  to  degrees.  It  is  interesting  to  note  the  in- 
creased variation  toward  the  close  of  the  test,  when  the  experi- 
menters were  somewhat  fatigued. 

Line  B  (dotted)  is  plotted  from  a  series  of  tests  made  on  a 
Babcock  &  Wilcox  boiler  by  Mr.  Chas.  L.  Clarke,  a  member  of 
this  society,  with  a  barrel  calorimeter,  the  scale  and  thermometers 
being  very  closely  graduated,  to  avoid,  as  far  as  possible,  irregular 
results.  This  also  shows  a  small  average  superheating,  although 
there  was  no  superheating  surface  in  the  boiler. 

Lines  C  and  D  are  plotted  from  experiments  made  by  our  late 
member,  J.  C.  Hoadley,  with  his  calorimeter  which  is  described 
in  the  Transactions  of  this  society,  Yol.  VI.,  page  715.  These 
results,  it  will  be  seen,  are  nearer  uniform  than  those  from  the 
barrel  calorimeter,  and  it  is  probable  that  they  err  in  an  opposite 
direction  by  showing  too  great  a  proportionate  moisture.  The 
heavier  line  E  is  plotted  from  the  experiments  given  in  Mr. 
Barrus'  paper,  just  read,  and  shows  a  very  close  approximation 
to  uniform  results — perhaps  as  nearly  so  as  it  would  be  possible 
to  attain  with  any  apparatus  for  this  purpose.  This  instrument 
giving  average  results  for  the  time  of  the  test,  varying  from  three 
quarters  of  an  hour  to  three  and  one-half  hours,  the  line  is  drawn 
horizontal  for  the  time  of  each  test,  and  represents  the  average 
for  that  time.  Judged  by  the  standard  of  uniformity  of  results, 
therefore,  the  calorimeter  of  Mr.  Barrus  is  a  decided  advance  as 
an  instrument  of  precision,  but  whether  its  records  are  above  or 
below  the  actual  facts  in  the  case  will  depend  very  much  upon 
circumstances,  and  is  a  difficult  question  to  determine.  The 
liability  to  error  is,  I  think,  much  less  than  in  other  instruments 
for  the  same  purpose. 
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CASTING  ALUMINIUM  BRONZE  AND  OTHER  STRONG 

METALS. 

BY   THOMAS   D.    WEST.    CLEVELAND,   O. 

(Member  of  the  Society.) 

The  ability  to  cast  in  molds  a  material  which  possesses  strength 
equal  to  the  best  forgings  of  wrought  iron  and  steel  is  au  achieve- 
ment which  mechanical  engineers  may  well  be  interested  in. 
While  it  is  true  that  the  strongest  metals  are  susceptible  of  being 
cast,  yet  there  are  peculiarities  about  them  which  cause  greater 
inconvenience  and  expense  in  the  effort  to  procure  good,  solid, 
clean  castings  than  occur  with  cast  iron.  These  come  mainly 
from  the  difficulties  in  overcoming  the  evils  due  to  oxidation,  shrink- 
age, and  contraction.  These  elements,  of  course,  exist  in  the  found- 
ing of  cast  iron ;  but  the  degree  to  which  they  make  labor  and. 
trouble  is  very  slight  as  compared  with  stronger  metals.  The 
list  of  these  latter  is  now  enlarged,  by  that  'comparatively  new 
metal  "  aluminium  bronze,"  and  the  experience  of  the  writer  is 
here  to  be  cited  in  his  endeavors  to  establish  principles  and 
methods  for  its  successful  molding  and.  casting  in  the  foundry 
of  the  firm  manufacturing  this  bronze  and  other  alloys  of  alumin- 
ium, at  Lockport,  N.  Y.  It  is  hoped,  also,  that  ideas  may  be 
presented  which  may.  in  many  cases,  prove  of  value  for  the 
making  of  castings   from  other  metals. 

The  difficulties  which  beset  the  casting  of  aluminium  bronze  are, 
in  some  respects,  similar  to  those  which  Avere  encountered  in  per- 
fecting methods  for  casting  steel.  There  is  much  small  work  which 
can  be  successfully  cast  by  methods  used  in  the  ordinary  molding 
of  cast  iron ;  but  in  peculiarly  proportioned  aud  in  large  bronze 
castings  other  means  and  extra  display  of  skill  and  judgment  will 
be  generally  required.  In  strong  metals  there  appears  to  be  a  "  red 
shortness,"  or  degree  of  temperature,  after  it.  becomes  solidified,  at 
which  it  may  be  torn  apart  if  it  meets  a  very  little  resistance  to 
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its  contraction,  and  the  separation  may  be  such  as  cannot  be 
detected  by  the  eye,  but  will  be  made  known  only  when  pressure 
is  put  upon  the  casting.  To  overcome  this  evil  and  to  make  allow- 
ances for  sufficient  freedom  in  contraction,  much  judgment  will 
often  be  required,  and  different  modes  must  be  adopted  to  suit 
varying  conditions.  One  factor  often  met  with  is  that  of  the 
incompressibility  of  cores  or  parts  forming  the  interior  portion 
of  castings ;  while  another  is  the  resistance  which  flanges,  etc., 
upon  an  exterior  surface,  oppose  to  freedom  of  contraction  of  the 
mass.  An  illustrative  case,  which  the  writer  had  to  deal  with  in 
the  foundry  referred  to  above,  was  the  casting  of  some  blast-fur- 
nace tuyeres,  the  dimensions  of  which  were  about  twelve  inches 
diameter  at  the  small  end,  and  fourteen  inches  diameter  at  the  large, 
and  seventeen  inches  long.  These  tuyeres  wer,e  made  hollow  for 
the  passage  of  water  to  keep  them  cool  when  the  furnace  was  in 
blast.  The  core  to  form  this  hollow  space  was  one  which  foundry- 
men  would  term  a  "  mean  core "  to  make  and  to  use,  and  the 
stronger  it  could  be  made  by  means  of  the  mixture  of  the  sand 
the  easier  would  it  be  to  make  and  to  handle.  But  it  was  proved 
at  the  hydraulic  testing  of  the  first  casting  that  these  conditions 
were  the  worst  for  causing  leakage.  It  was  found  that  in  order 
to  procure  a  casting  which  would  not  leak,  the  core  must  be  "  rot- 
ten" and  of  a  yielding  character.  This  was  obtained  by  using 
rosin  in  coarse  sand  and  filling  the  core  as  full  of  cinders  and 
large  vent-holes  as  possible,  and  by  not  using  am*  core-rods  or 
irons.  The  rosin  would  cause  the  core,  when  heated,  to  become 
soft,  and  would  make  it  very  nearly  as  compressible  as  a  "green 
sand  "  core,  when  the  pressure  of  the  contraction  of  the  metal  would 
come  upon  it.  It  might  be  well  to  state  that  the  size  of  this  core 
was  such  as  would  leave  one  inch  thickness  at  each  end,  and  one- 
quarter  inch  at  the  inner  and  outer  sides  of  the  casting,  and  was 
all  surrounded  with  metal,  excepting  four  one-inch  round  openings 
through  which  the  core  delivered  its  vent  or  gas.  By  means  of 
dried  rosin  or  green-sand  cores  we  were  able  to  meet  almost  any 
difficulties  which  might  arise  in  ordinary  work  from  the  evils  of 
contraction,  so  far  as  cores  were  concerned.  For  large  cylinders 
or  castings  which  might  require  large  round  cores  which  could  be 
"swept,"  a  hay-rope  wound  around  a  core  barrel  would  often 
prove  an  excellent  yielding  backing,  and  allow  freedom  for  con- 
traction sufficient  to  insure  no  rents  or  invisible  strain  in  the  body 
of  the  casting.     To  provide  means  for  freedom  in  the  contraction 
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of  exterior  portions  of  castings  which  may  he  supposed  to  offer  resist- 
ance sufficient  to  cause  an  injury,  different  methods  will  have  to 
be  employed  in  almost  every  new  form  of  such  patterns.  It  may 
be  that  conditions  will  permit  the  mold  to  be  of  a  sufficient  yield- 
ing character,  and  again  it  may  be  necessary  to  dig  away  portions 
of  the  mold,  or  loosen  bolts,  etc.,  as  soon  as  the  liquid  metal  is 
thought  to  have  solidified.  In  any  metal  there  may  be  invisible 
rents  or  strains  left  in  a  casting  through  tension  when  cooling 
sufficient  to  make  it  fragile  or  to  crack  of  its  owu  accord,  and  it  is 
an  element  which  from  its  very  deceptive  nature  should  command 
the  closest  attention  of  all  interested  in  the  construction  of 
eastings. 

Like  contraction,  the  element  of  shrinkage  is  one  often  found 
seriously  to  impede  the  attaining  of  perfect  castings  from  strong 
metals.  In  steel  castings  much  labor  has  to  be  expended  in  pro- 
viding risers  sufficient  to  "feed  solid"  or  prevent  '"draw-holes" 
from  being  formed,  and  in  casting  aluminium  bronze  a  simi- 
lar necessit}^  is  found.  The  only  way  to  insure  against  the 
evils  of  shrinkage  in  this  metal  with  work  requiring  "risers" 
or  "feeding  heads"  is  to  have  the  "risers"  larger  than  the 
body  or  part  of  the  casting  ivhich  they  are  intended  to  "feed." 
The  "feeder"  or  "riser"  being  the  largest  body,  it  will, 
of  course,  remain  fluid  longer  than  the  casting,  and,  as  in 
cast  iron,  that  part  which  solidifies  first  will  draw  from 
the  nearest  uppermost  fluid  body,  and  thus  leave  holes  in 
the  part  which  remains  longest  fluid.  The  above  principle 
will  be  seen  to  be  effective  in  obtaining  the  end  sought.  It 
is  to  be  remembered  that  it  is  not  practical  to  "churn"  this 
bronze,  as  is  done  with  cast  iron.  A  long  cast-iron  roll,  one  foot 
in  diameter,  can,  by  means  of  a  "feeder"  five  inches  in  diameter 
and  a  half-inch  wrought-iron  rod,  be  made  perfectly  sound  for  its 
full  length.  To  cast  such  solid  in  bronze,  the  feeding  head  should 
be  at  least  as  large  as  the  diameter  of  the  roll,  and  in  length  about 
one-quarter  longer  than  the  length  of  roll  desired.  The  extra 
length  would  contain  the  shrinkage  hole,  and  when  cut  off,  a  solid 
casting  would  be  left.  This  is  a  plan  often  practiced  in  the  mak- 
ing of  guns,  etc.,  in  cast  iron,  and  is  done  partly  to  insure  against 
the  inability  of  many  molders  to  "  feed  "  solid,  and  to  save  that 
labor.  There  is  nothing  in  the  way  to  prevent  making  large  guns 
of  aluminium  bronze  as  solid  as  those  procured  of  cast  iron.  It 
is  simply  a  question  of  having  a  good  "riser"  or  "  feeding  head," 


248      CASTING   ALUMINIUM    BP.ONZE   AND    OTHER   STRONG   METALS. 

and  such  guns  would  surpass  in  strength  any  other  metal  now 
used  for  their  manufacture. 

A  method  which  the  writer  found  to  work  well  in  assisting  to 
avoid  shrinkage  in  ordinary  castings  in  aluminium  bronze  was  to 
"gate  "  a  mold  so  that  it  could  be  filled  or  poured  as  quickly  a* 
possible,  and  to  have  tlie  metal  as  dull  as  it  would  fiou\  to  warrant 
a  full  run  dean  casting.  By  this  plan  very  disproportionate  cast- 
ings were  made  without  "  feeders  "  on  the  heavier  parts,  and  upon 
which  "  draw "  or  shrinkage  holes  would  surety  have  appeared, 
had  the  metal  been  poured  "  hot." 

The  plan  or  principle  adopted  in  pouring  this  bronze  is  similar 
to  that  employed  for  casting  steel,  which,  as  is  well  known,  con- 
sists in  pouring  through  a  spout  controlled  by  a  valve,  which  lets 
the  metal  flow  from  the  bottom  of  a  ladle  instead  of  the  top  or 
lip,  as  practiced  in  pouring  cast  iron.  The  exact  plan  which  the 
•  writer  used  for  castings  weighing  over  fifty  pounds  was  to  make  the 
pouring  basin  sufficiently  large  to  contain  all  the  metal  necessary 
to  fill  the  mold,  and  give  any  surplus  which  might  be  required  for 
a  "flow  off,"  or  to  fill  up  "feeding  heads,"  etc.,  and  so  prevent 
an}^  metal  from  flowing  into  the  mold  until  it  was  all  in  the  pour- 
ing basin.  The  entrance  of  the  gate  would  be  stopped  by  means 
of  an  iron  plug,  and  the  moment  all  was  ready,  it  would  be  pulled, 
and  the  metal  would  almost  instantly  fill  the  mold,  so  large 
would  its  gates  be  made.  By  such  a  plan  it  will  of  course  be 
readily  seen  that  there  was  no  danger  of  any  air,  "  scum "  or 
oxide  entering  the  mold  through  the  "pouring  gates,"  an 
element  which  would  seriously  mar  the  appearance  of  a 
casting.  Besides  the  difficulties  from  difference  in  the  color 
which  resembles  gold,  such  oxide  would  be  very  liable  to  cause 
a  disunion  of  the  particles  of  the  body,  or  make  an  unaccept- 
able surface  when  the  casting  was  finished  up.  The  metal 
itself  is  one  that  works  well  in  our  ordinary  molding  sands,  and 
"  peels"  extra  well.  As  a  general  thing,  disproportionate  castings 
weighing  over  one  hundred  pounds  are  best  made  in  "  dry  " 
instead  of  "  green "  sand  molds,  as  such  will  permit,  of  cleaner 
work  and  a  duller  pouring  of  the  metal,  for  in  this  method  there 
is  not  that  dampness  which  is  given  off  from  green  sand  mold, 
and  which  is  so  liable  to  cause  "cold  shuts."  When  the  position 
of  casting  work  will  permit,  many  forms  which  are  pi'opor- 
f innate  in  thickness  can  be  well  made  in  green  sand  by  coating 
the  surface  of  the  molds  and  gates  with  silver  lead  or  plumbago. 


CASTJNG   ALUMINIUM  BRONZE   AND   OTHER   STRONG   METALS.      249 

Information  upon  manufacturing,  strength  and  melting  of  alumin- 
ium bronze  can  be  found  in  an  article  from  the  writer  published 
elsewhere.* 

From  "  blow  holes,"  which  are  another  characteristic  element 
likely  to  exist  in  strong  metals,  it  can  be  said  that  aluminium 
bronze  is  free.  Should  any  exist,  it  is  the  fault  of  the  molder  or 
his  mold,  as  the  metal  itself  runs  in  iron  molds  as  sound  and 
close  as  gold.  Sand  molds,  to  procure  good  work,  must  be  well 
vented,  and  if  of  "  dry  sand,"  thoroughly  open  sand  mixture  should 
be  used  and  well  dried.  The  sand  for  "  green  sand"  work  is  best 
fine,  similar  to  what  will  work  well  for  brass  castings.  For  "dry 
sand  "  work,  the  mixture  should  be  as  open  in  nature  as  possible, 
and  for  blacking  the  mold,  use  the  same  mixtures  as  are  found 
to  work  well  with  cast  iron. 

The  different  problems  of  making  strong  metal  castings  all  pre- 
sent peculiarities  which  call  for  special  treatment  in  the  manner 
of  molding,  etc.,  but,  as  said  in  the  beginning  of  this  paper,  the 
difficulties  to  be  overcome  mainly  hinge  more  or  less  upon  one 
or  other  of  the  three  elements,  oxidation,  shrinkage,  or  contraction. 
These  are  being  controlled  better  every  day,  and  progress  being 
made  by  which  almost  any  kind  of  casting  will  be  procured  as 
readily  as  of  cast  iron.  With  aluminium  bronze,  "  Mitis,"  and 
steel  castings  to  be  had,  the  engineer  should  not  want  for  strong 
metals  to  meet  almost  any  conditions  which  he  may  desire. 

DISCUSSION. 

Mr.  W.  B.  Le  Van. — Speaking  of  molding,  I  would  like  to  call 
the  attention  of  the  Society,  especially  of  those  members  who 
visited  the  Watts  Campbell  Company  yesterday,  to  that  old  cylinder 
which  was  cast  in  England,  1753.  This  casting  made  in  1753  is 
more  perfect  than  the  majority  of  those  which  we  now  make  in  our 
foundries  to-day.  It  seems  to  me  that  engineers  should  blush  to 
think  that  in  one  hundred  and  thirty  years  we  have  made  but 
little  improvement  in  the  foundry  business.  I  calipered  the 
cylinder  with  a  stick,  and  found  very  few  imperfections  in  it  at 
all,  although  it  had  never  been  bored.  This  cylinder  had  been 
in  use  as  a  steam  engine  for  twenty  odd  years.  It  was  made 
by  Thomas  Newcomen,  iron-monger,  Dartmouth,  England. 

Mr.  T.  R.  Morgan,  Sr. — I  do  not  quite  agree  with  Mr.  Le  Van. 

*  In  the  American  Machinist,  Oct.  36, 188G. 
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I  have  seen  some  castings,  just  as  lie  says,  made  some  forty  years 
ago,  which  were  excellent ;  but  to  say  that  we  have  not  made  ad- 
vances in  the  molding  art,  I  believe  is  a  mistake. 

Castings  of  a  much  more  complicated  kind  are  made  all  over 
the  world  to-day,  to  meet  modern  wants,  than  were  required  then ; 
to-day,  castings  of  a  complicated  kind  are  made  in  one  piece,  which 
would  have  been  made  in  a  number  of  pieces  then,  to  simplify  the 
molding ;  hence,  the  general  run  of  molders  of  to-day  have  to 
be  men  superior  to  those  of  the  past,  although,  no  doubt,  owing 
to  the  lack  of  facilities  in  the  past,  it  was  the  fact  that  in  excep- 
tional cases  there  were  molders  who  did  turn  out  work  then 
which  would  be  highly  creditable  to  the  best  of  men  to-day ;  but 
such  were  exceptions,  and  not  the  rule. 

There  are  now  problems  and  practice  for  the  molder  of  to-day, 
which  he  has  had  to  work  out,  which  were  not  required  in  the 
past ;  and,  in  addition,  they  are  now  of  a  far  more  difficult  charac- 
ter than  then,  when  they  had  to  make  molds  for  cast  iron  only. 
I  refer  to  the  demand  for  molds  for  steel  castings,  steel  shrinking 
two  to  one  of  cast  iron,  and  the  molds  for  steel  having  to  be  made 
dry  and  hard,  while  the  molds  for  cast  iron  are  made  of  green 
sand.  These  new  features  and  material  present  new  problems  to 
the  molder  in  the  making  of  the  complicated  castings  which  are 
now"  in  demand,  and  the  future  will  tax  his  knowledge  and  judg- 
ment as  never  before.  The  higher  temperature  of  molten  steel,  its 
quicker  cooling  and  greater  shrinking  qualities  in  comparison  with 
cast  iron,  demand  that  the  successful  molder  of  to-day  should 
be  a  better  man  than  the  molder  of  the  past,  to  do  similar  work 
in  molds  for  cast  iron.  There  are  many  complicated  castings 
that  are  easily  made  in  cast  iron,  which  would  be  very  difficult 
to  make  of  steel,  but  will  be  successfully  met,  I  have  no  doubt, 
as  facilities  and  demands  increase  for  such.  To  do  justice  to 
molds  for  steel  castings,  owing  to  their  quick  cooliug  and  great 
shrinking  qualities,  it  is  necessary  that  the  molds  in  certain 
places  should  give  way  in  the  proper  time,  under  the  proper  pres- 
sure, to  prevent  undue  straining  of  the  casting  while  in  the  molten 
condition. 

It  must  be  evident  that  to  meet  such  demands  successfully  each 
complicated  steel  casting  must  become  a  problem  calling  for  the 
best  reasoning  and  calculating  faculties,  and  much  more  so  than 
a  similar  cast  iron  casting,  whose  cooling  and  shrinking  qualities 
are  much  less  than  those  of  steel;  hence  the  molder  of  to-day 
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requires  additional  care  and  knowledge  to  succeed  in  making  steel 
castings  of  the  same  kind  as  those  of  cast  iron. 

Mr.  Oberlin  Smith. — I  would  like  to  ask  Mr.  West  to  state  his 
experience,  in  making  these  castings,  as  to  the  question  of  blow- 
holes— what  methods  he  took  to  avoid  blow-holes — how  numerous 
they  were  in  spite  of  his  best  efforts,  if  there  were  any. 

Mr.  W.  IT.  Weujhtman.—l  should  like  to  ask  Mr.  West  the 
comparative  cost  of  this  aluminium  bronze.  It  is  a  matter  of  in- 
terest to  me,  and  I  would  like  to  know. 

Mr.  J.  M.  Dodge. — I  would  like  to  speak  in  a  general  way  about 
the  subject  of  molding  and  casting.  The  physical  characteristics 
of  the  metals  now  in  practical  use  are  not  thoroughly  understood. 
I  find,  when  I  go  to  inquire  of  parties  about  the  use  of  metals,  that 
a  tensile  strength,  for  instance,  of  100,000  pounds  may  mean  that 
you  cannot  bend  the  casting  at  all ;  and  malleable  iron,  which  I 
have  had  a  good  deal  of  experience  with,  is  better  than  wrought 
iron  in  this  one  regard,  that  before  it  bends,  it  will  exceed  the 
limit  of  wrought  iron,  and  after  it  bends  to  a  great  extent,  it  is  use- 
less, and  it  might  just  as  well  break.  There  is  no  machinery  I 
know  of  (not  excepting  the  American  agricultural  machinery,  which 
is  undoubtedly  the  finest  machinery  in  the  world,  considering  that 
it  goes  into  the  hands  of  mechanically  ignorant  men  and  does 
wonderful  things)  in  which  the  bending  of  a  piece  is  not  practically 
its  destruction.  The  principal  question  I  would  like  to  ask  about 
this  bronze  is,  Hew  strong  is  it  and  how  much  can  you  bend  it? 
How  much  good  is  it  practically,  not  on  a  testing  machine, 
but  will  it  stand  80,000  pounds  and  bend  at  30  degrees  or  more? 
A  three  years'  test  of  malleable  iron  showed  it  to  average 
better  than  44,000  pounds  to  the  square  inch,  tensile  strength. 
Furthermore,  we  had  tests  running  for  three  years — we  made  six 
tests  from  three  furnaces  each  da}- — and  on  only  two  occasions  did 
we  ever  find  a  blow-hole  in  our  test  pieces.  Furthermore,  during 
all  that  time,  we  never  found  it  was  necessary  to  destroy  a  piece 
to  tell  whether  it  was  good  or  not.  Malleable  cast  iron,  well 
made,  has  characteristics  which  merit  the  careful  attention  of  the 
engineer.  It  is  looked  upon  as  a  substitute  for  wrought  iron,  but 
not  quite  as  good.  It  is  practically  better  than  merchant  bar 
iron. 

Mr.  Oberlin  Smith. — If  Mr.  Dodge  means  to  say  that  the  mal- 
leable iron  which  we  get  in  the  market  is  as  good  as  wrought  iron 
in  general,  I  do  not  agree  with  him.     Perhaps  he  does  not  mean 
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to  state  it  as  strongly  as  that.  I  have  found  that  steel  castings  are 
better  than  malleable  iron.  They  cost  about  the  same,  and  take 
about  as  long  to  get.  [Laughter  and  applause.]  The  great 
trouble  with  both  of  them  (and  I  don't  know  but  that  we  should 
use  a  stronger  adjective  than  great)  is  the  outrageously  long  time 
you  have  to  wait.  You  take  an  order  for  doing  a  thing  in  a  hurry, 
and  waut  your  castings.  The  makers  will  any  that  they  take  three 
or  four  days  to  anneal.  You  say  to  them,  "Why  can't  you  mold 
this  thing  to-day  or  to-morrow,  and  have  it  annealed,  and  give  it 
to  me  in  a  wreek  or  ten  days?  Finally  they  acknowledge  that 
they  can  do  it  in  two  weeks,  but  keep  me  waiting  four.  It  is  all 
an  abominable  nuisance,  and  we  want  a  substitute  for  these  cast- 
ings which  can  be  made  as  quickly  as  forgings. 

There  is  another  new  material  mentioned  near  the  close  of  Mr. 
West's  paper  in  which  I  feel  considerable  interest.  I  refer  to 
"  Mitis  "  castings.  This  looks  to  me  like  the  coming  metal.  The 
accounts  of  it  seemed  so  favorable  that  I  went  to  Worcester  to  in- 
vestigate it  some  months  ago.  I  saw  them  make  the  molds,  start 
the  fire,  bring  it  up  to  melting  point,  and  melt  and  pour  the 
metal ;  and  they  weren't  long  about  it,  either.  Then  I  took  some 
pieces  into  the  blacksmith  shop  and  forged  them  myself.  It  is, 
as  near  as  I  can  judge,  pure  wrought  iron  of  the  best  quality — that 
is,  when  you  make  it  so.  I  felt  so  much  pleased  with  it  that  I 
ordered  a  lot  of  rings  for  a  certain  purpose,  to  take  the  place  of 
forgings,  knowing  they  would  come  much  cheaper  than  forgings 
on  account  of  their  shape.  I  was  very  much  disappointed  to  find 
numerous  blow-holes  in  these  castings.  I  made  an  allowance  for 
the  new  state  of  the  art,  and,  accepting  the  fact  that  it  was  but  in 
an  experimental  stage,  did  not  lose  my  faith.  I  am  assured  now 
that  the  measures  being  taken  for  improving  this  process  will  get 
rid  of  the  blow-hole  trouble  to  a  great  degree.  I  would  like  to 
ask  Mr.  West  to  tell  us  what  experience  he  has  had  with  this 
metal,  and  what  he  thinks  are  the  special  causes  for  so  many 
blow-holes  in  it.  We  would  naturally  expect  fewer  holes  than  in 
other  metals  made  from  iron,  because  it  is  so  very  fluid  when  it  is 
poured.  And  will  he  tell  us  whether  he  sees  any  practical  diffi- 
culty in  reducing  the  evil  to  almost  nothing  by  proper  methods  of 
molding,  etc.  If  that  trouble  can  be  gotten  rid  of,  I  am  inclined 
to  believe  it  will  be  the  coming  metal,  to  take  the  place  of  wrought- 
iron  forgings. 

Mr.  Dodge.— About  malleable  iron  being  stronger  than  wrought 
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iron,  I  would  say  that  our  English  manufacturer  manufactures 
chain  for  England  and  the  Continent.  He  takes  our  patterns,  and 
duplicates  them  in  wrought  iron.  In  every  case  of  testing,  the 
malleable  iron  began  to  straighten  the  wrought  iron  out.  English- 
men will  pay  for  wrought  iron  drive  chain,  and  Americans  won't. 
If  a  chain  here  stretches,  it  is  thrown  away.  If  it  stretches  in 
England,  it  is  sent  back  to  be  reset.  Take  malleable  and  wrought 
iron  of  equal  size  exactly,  and  the  malleable  iron  will  stretch  the 
wrought  iron  a  little  before  yielding  itself. 

Mr.  Smith. — Can  you  reset  wrought  iron? 

Mr.  Dodge. — Yes,  if  it  is  sent  to  us.  Here  they  let  it  wear  right 
out,  and  throw  it  away.  Both  cast  and  wrought  iron  can  be  reset, 
in  spite  of  the  fact  that  prices  have  been  cut  so  that  some  con- 
cerns slight  their  work ;  but  two  or  three  concerns  in  this  country 
make  malleable  iron  of  which  they  need  not  be  ashamed. 

Mr.  Smith. — I  understood  \o\x  to  say  that  malleable  iron  is 
stronger  than  wrought  iron.  How  is  that — it  can  be  stretched 
and  still  be  good,  and  then  set  back  to  its  original  pitch? 

Mr.  Dodge. — Weil,  it  will  do  it.  I  never  was  inside  of  it  to  see 
how.     [Laughter.] 

Mr.  C.  C.  Hill. — On  the  subject  of  shrinkage  in  molds  when 
used  for  these  strong  metals,  there  is  one  thing  which  I  have  not 
seen  mentioned.  That  is,  to  put  into  a  mold  certain  pieces  of 
solid  matter  (metal,  for  instance)  which  can  be  withdrawn  about 
the  time  when  the  casting  is  becoming  solid,  so  that  the  shrinking 
can  take  place  freely,  and  crush  the  mold.  I  have  employed 
something  nearly  like  that  in  using  complicated  chills.  I  make 
the  chills  in  several  parts,  and  then  put  a  stratum  of  sand  between 
th«!  parts,  sufficiently  porous  to  be  crushed  by  the  casting.  I  have 
made  very  nice  articles  of  chilled  work  in  this  way. 

Mr.  West. — In  answer  to  the  gentleman  who  spoke  with  re- 
gard to  that  old  cylinder  which  was  so  true,  there  is  a  point 
there  which  it  might  be  well  to  speak  upon  a  little  further.  It 
is  a  fact  which  is  not  appreciated,  that  to  get  a  true,  large  cast- 
ing of  anything  cylindrical,  it  is  best  to  be  "swept" — the  plan, 
no  doubt,  by  which  the  above  cylinder 'was  molded.  In  cast- 
ing large  fly-wheels,  pulleys,  etc.,  foundries  have  generally  to  go 
to  work  and  make  "full"  wooden  patterns;  and  when  they  are 
molded,  and  the  castings  are  tried,  they  are  found  to  be  in  all 
sorts  of  shapes.  The  blame  is  put  on  the  molder,  and  in  such 
cases  he  is  generally  unjustly   censured.     There  is  no  process 
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which  can  be  employed  for  obtaining  true  molded  cylindrical 
castings  better  than  that  of  "  sweeping ;  "  for  if  a  moment's  thought 
was  given  to  realize  how  easily  wood  can  become  distorted  from 
the  effects  of  dampness  and  heat,  it  would  readily  be  seen  why  it 
is  impracticable  to  expect  true  molded  castings  for  such  work 
as  large  fly-wheels,  pulleys,  etc.,  from  "  full  "  wooden  patterns. 

Most  of  the  members  here  will  recollect  that  at  the  Chicago 
meeting  last  spring  we  saw  eiglit  blowing  engines,  which  stood  in 
a  row  at  the  South  Chicago  blast-furnaces.  You  might  stand  on 
the  end,  and  as  you  sighted  along  the  line  of  those  fly-wheels,  you 
would  say  that  they  were  turned,  for  they  run  so  true  that  you 
cannot  see  any  perceptible  "  out "  on  any  of  them.  Now,  those 
wdieels  were  made  in  the  foundry  of  which  I  am  the  foreman,  and 
we  made  them  by  "sweeping"  the  rim,  using  a  pattern  for  form- 
ing the  arms  and  hub  only.  On  account  of  the  wheels  being 
about  sixteen  feet  in  diameter,  and  weighing  over  fifteen  tons 
each,  they  were  cast  in  halves,  for  convenience  in  shipping.  The 
centers  of  them  are  merely  planed  off  so  as  to  niaKe»theni  come 
together  true  at  the  joint,  and  when  they  are  put  together,  they 
run  as  true  as  those  observed  in  Chicago. 

With  reference  to  the  cylinder  which  Mr.  Le  Van  mentioned,  I 
do  not  see  anything  remarkable  in  that.  It  merely  involves  the 
principle  of  sweeping  to  the  circle. 

I  don't  know  that  I  could  touch  on  the  other  question  of  blow- 
holes in  a  better  way  than  by  relating  my  experience  with  the 
Cowles  Company  in  casting  aluminium  bronze.  Several  attempts 
were  made  at  a  cylinder  easting  of  this  metal  by  different  foundry 
men,  and  in  all  cases  the  results  were  condemned  on  account  of 
the  blow-holes  in  the  castings.  In  fact,  the  firm  was  commencing 
to  believe  that  their  metal  could  not  be  got  solid  in  large  castings. 
They  came  to  the  Cuyahoga  Works,  and  asked  that  the  casting 
might  be  tried  in  the  shop  of  which  I  am  foreman.  We  did  not 
have  facilities  there  for  melting  the  metal,  but  we  made  a  mold 
and  carted  it  over  a  stone  pavement  for  about  a  quarter  of 
a  mile  to  a  brass  shop  where  we  could  melt  the  metal.  It 
Mas  poured,  and  the  casting  turned  up  as  sound  as  need  be."* 
The  cylinder  measured  24"  long,  14"  diameter  on  the  inside,  and 
L6"  diameter  on  the  outside.     All  that  I  had  to  guide  me  in  my 

*  This  casting  was  a  duplicate  of  the  one  exhibited  at  the  meeting  of  the  So- 
ciety, which  was  one  molded  by  my  own  hands  in  the  foundry  of  the  Cowles 
Electric  Smelting  find  Aluminium  Co.,  Lorkpoit,  N.  Y. 
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first  attempt  to  cast  this  metal  was  the  position  of  "  blow-lioles  " 
in  castings  shown  to  me,  which  had  been  previously  made,  and 
my  own  confidence  that  the  metal  could  be  poured  into  an  iron 
mold,  and  become  solid.  When  I  saw  that,  then  I  felt  sure  that 
the  trouble  was  not  in  the  metal  itself,  but  was  in  some  way  con- 
nected with  the  mold  or  the  man  that  made  it,  and  all  there  is 
required  to  obtain  sound  castings  is  what  I  have  stated  in  my 
paper — condensed,  it  was  simply  to  get  the  mold  made  porous 
and  firm,  and  to  fill  it  as  cpiick  as  possible  and  to  pour 
through  what  we  would  call  a  "  secondary  basin  or  pot."  This 
will  be  an  item  which  may  escape  the  attention  of  a  great  many. 
When  you  pour  a  stream  of  metal  into  a  gate  which  is  smaller 
than  the  hole,  its  friction  must  necessarily  cany  through  some  air 
with  it.  That  air  goes  down  and  mingles  more  or  less  with  the 
metal  in  the  mold,  and  if  the  metal  does  not  stay  hot  long 
enough  to  allow  the  air  to  escape,  it  imprisons  the  air  there,  and 
then  gives  us  holes.  This  theory  for  the  cause  of  some  "blow- 
holes" in  castings,  I  have  never  heard  or  seen  advanced,  and  it 
will  no  doubt  meet  with  some  opposition,  but  nevertheless  I  be- 
lieve such  action  can  be  proved  to  be  the  cause  of  many  "  blow- 
holes" in  castings,  especially  those  of  strong  metal. 

In  making  these  castings,  I  adopted  the  plan  of  making  all  con- 
nections with  the  pouring,  basin  air-tight,  and  using  the  plug 
principle  in  filling  the  basin  with  metal,  and  letting  it  stay  there 
long  enough  so  that  all  dirt  which  might  be  there  would  float  to 
the  top,  and  as  soon  as  I  was  assured  of  this  fact,  and  I  saw  that 
the  metal  was  about  of  the  right  temperature,  then  the  plug  would 
be  pulled,  and  the  metal  would  go  down,  and  instantly  fill  the 
mold.  Such  work  as  that  is,  of  course,  pretty  rough  on  a  mold ; 
but  with  that  mode  of  working  and  manner  of  molding  described 
in  the  paper,  I  got  over  the  difficulties  of  blow-holes  in  this  metal, 
and  I  think  that  the  difficulties  which  Mr.  Smith  mentioned  with 
"  Mitis  "  metal,  could  partially,  if  not  wholly,  be  overcome  by  the 
adoption  of  the  principles  set  forth  by  my  paper. 

With  reference  to  Mr.  Morgan's  remarks  on  steel,  all  I  can  say 
is,  that  I  do  not  know  that  I  can  suggest  anything  in  that  line 
other  than  the  ideas  which  the  paper  and  this  discussion  will 
present.  The  main  idea  to  which  I  would  call  attention  is  that 
of  providing  air-tight  pouring  gates,  so  as  to  prevent  the  flowing 
metal  from  carrying  air  into  the  mold  to  mingle  with  the  metal. 
I  never  had  any  experience  directly  with  any  other  of  the  strong 
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metals.  My  experience  with  this  has  been  very  pleasant,  and  led 
me  to  believe  that  there  was  this  one  element  in  all  strong  metals 
alike — the  tendency  to  blow-holes. 

Bronze  is  made  in  different  grades.  The  more  aluminium  which 
is  alloyed  with  the  copper  up  to  eleven  per  cent.,  the  stronger 
the  metal  becomes.  Over  eleven  per  cent,  it  becomes  brittle  ;  and 
it  is  said  to  become  more  brittle  up  to  twenty-five  per  cent.,  and 
after  that  to  increase  again  in  strength.  That  I  have  never  seen 
tested,  but  it  is  said  to  be  the  case.  One  of  the  samples  here  ex- 
hibited is  marked  49.30,  which  means  that  it  stood  a  tensile  strain 
of  -19,000  pounds  to  the  square  inch  with  an  elongation  of  thirty 
per  cent,  in  one  inch.  The  strongest  metal  that  I  ever  saw  pro- 
duced there  had  a  tensile  strength  of  126,000  pounds  per  square 
inch. 

Mr.  A.  H.  Emery — Was  it  forged  in  any  way,  or  is  it  simply  as 
it  was  cast? 

Mr.  West. — Just  as  it  was  cast — taken  from  the  mold.  In 
making  these  bars,  they  thought  to  save  labor  by  casting  in  an 
iron  mold ;  but  those  little  projections  where  the  section  is  re- 
duced would  show  weakness  when  it  was  put  in  the  machine ; 
so  they  finally  learned  that  it  had  to  be  made  in  sand — some- 
thing- of  a  yielding  character,  which  would  allow  the  metal  to 
give.  Another  sample,  marked  100,000  pounds,  has  about  ten  and 
a  half  per  cent,  of  aluminium.  Here  is  a  piece  of  the  metal  as  it 
comes  frDin  the  electrical  furnace.  You  will  see  that  it  changes 
its  color  when  being  re-melted.  That  piece  has  probably  in  it 
about  sixteen  per  cent,  of  aluminium,  and  is  what  they  would  call 
very  rich  metal.  It  is  then  standardized;  which  means  that  it  is 
put  in  an  ordinary  crucible  such  as  they  use  for  melting  brass,  and 
by  re-melting  it  is  brought  down  to  any  standard  which  they  want. 

Mr.  Oberlin  Smith. — Will  Mr.  West  tell  us  whether  that  metal 
can  be  soldered  or  welded  ? 

Mr.  West. — I  have  had  no  experience  in  that  matter,  and  can- 
not say. 

With  regard  to  this  100,000  pound  metal,  if  they  obtain  four 
per  cent,  of  elongation  in  its  test,  it  is  remarkable.  Metal  as 
strong  as  that  is,  as  a  general  thing,  has  but  from  one  to  two 
per  cent,  of  elongation — it  contains  but  two  and  one-half  per  cent. 
of  aluminium.  They  say  that  a  screw  made  of  aluminium  is  equal 
to  the  best  steel  screw  made,  and  will  drive  into  the  hardest  kind 
of  wood  without  distorting. 
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Some  gentleman  has  asked  me  bow  about  aluminium  bronze 
for  bearings.  All  I  can  say  about  that  is  that  I  do  not  know, 
having  had  no  experience  with  the  metal  for  this  purpose,  but  I 
think  that,  if  the  conditions  were  carefully  studied,  some  one 
grade  of  the  metal  coidd  be  selected  which  would  be  found  to  give 
excellent  satisfaction.     There  is  quite  a  series  to  select  from. 

Mr.  Morgan. — At  what  price  can  aluminium  bronze  be  made  ? 

Mr.  West. — -This  metal  with  the  more  aluminium  is,  of  course, 
dearer  metal.  Their  special  metal,  having  a  tensile  strength  of 
from  100,000  to  110,000  pounds,  will  probably  sell  for  about  fifty 
cents  a  pound  in  the  casting.  What  they  call  their  C  metal,  that  is, 
metal  that  will  stand  a  tensile  strength  of  about  60,000  pounds, 
will  sell  for  about  thirty-five  cents.  It  goes  down  to  metal  which 
has  pretty  much  the  color  of  copper  itself.  This  sample  is 
marked  28,000,  nineteen  elongation,  and  has  a  percentage  of  two 
'and  a  half  aluminium. 
17 


258  mrRiNSic  value  of  special  tools. 


CCXXXVIII. 
INTRINSIC    VALUE   OF  SPECIAL    TOOLS. 

BY   OBEKLIN   SMITH,   BRIDGETON,   K.   J. 

(Member  of  the  Society.) 

In  a  paper  read  before  this  Society  last  May,  entitled  "  Inventory 
Valuation  of  Machinery  Plant,"  *  the  writer  referred  to  "  special 
tools"  as  the  most  difficult  things  things  to  deal  with  in  all  inven- 
tory-taking. This  is  on  account  of  their  peculiar  liability  to 
become  obsolete,  or  partly  so,  over  and  above  all  other  kinds  of 
manufacturing  property.  Assuming  that  we  are  here  dealing  with 
such  tools  as  are  used  in  the  various  branches  of  manufacture  with 
which  the  mechanical  engineer  comes  in  contact,  we  may  briefly 
define  the  term  "special  tool"  as  a  tool  which  is  individually 
adapted  for  performing  some  particular  operation  so  well  that  it  is 
unfit  for  general  work — in  other  words,  it  is  a  specialist.  Used  in 
its  general  sense,  the  term  in  question  covers  both  special  machines 
and  special  tools,  if  such  a  distinction  can  be  made.  In  the  former 
category  are  many  machines  which  can  be  profitably  modified,  in 
case  the  commercial  demand  ceases  for  the  goods  upon  which  they 
are  specially  made  to  operate,  so  as  to  use  them  for  other  purposes. 
Among  such  machines  are  special  lathes,  drill  presses,  milling  ma- 
chines, punching  presses,  etc.,  which  retain  enough  of  the  general 
character  of  the  type  of  machine  after  which  they  are  named,  to 
enable  them  to  be  altered  over  for  other  kinds  of  work,  either 
general  or  special.  An  example  of  this  has  been  seen  in  the  case 
of  gun-factories  adapting  such  plant  to  the  production  of  sewing- 
machines  or  type  writers,  at  comparatively  small  expense,  when 
the  demaud  for  fire-arms  lessened. 

Among  special  tools  proper,  are  usually  counted  jigs,  templets, 
and  irauo-es.  To  this  list  should  be  added  working  drawings  and 
foundry  patterns,  as  explained  in  the  paper  referred  to.  These 
drawings  and  patterns,  though  used  in  every  machine-shop,  are 
essentially  of  exactly  the  same  nature  as  are  the  jigs,  etc.,  used  in 

*  Trans.  A.  S.  M.  E.,  Vol.  VII.,  p.  433. 


INTRINSIC   VALUE   OF   SPECIAL  TOOLS.  259 

the  large  manufactories,  where  work  is  so  cheaply  made  on  the 
"duplicate  system."  The  general  principles  for  the  valuation  of 
such  tools  are  clearly  laid  down  by  the  writer  in  the  former  paper, 
and  are  to  the  effect  that  each  article  should  be  rated  at  what  it 
would  cost  to  reproduce  it  to-day,  less  a  depreciation  for  its  wear- 
and-tear,  and  another  depreciation  for  its  percentage  of  obsolete- 
ness. As  stated,  the  wear-and-tear  does  not  amount  to  much  on 
this  class  of  tools,  because  the}7  are  not  ornamented  for  marketable 
purposes  (so  that  they  grow  shabby  with  age) ;  and  because  they 
have  to  be  kept  up  to  their  original  standard  of  working  condition 
in  order  that  they  may  do  their  work  properly.  The  only  ques- 
tion, therefore,  necessary  to  consider  in  this  paper,  is  their  amount 
of  obsoleteness;  and  this  is  a  very  important  consideration  to  the 
manufacturer  having  a  large  amount  of  money  invested  in  such 
plant,  when  he  is  considering  its  intrinsic  value. 

Concerning  this  subject,  there  are  two  principal  schools  of  belief, 
with  a  practice,  in  individual  cases,  ranging  all  the  way  between  the 
extreme  views  held  on  either  side.  The  first  of  these  views  is  the 
one  expressed  in  the  former  paper,  namely,  that  a  special  tool 
should  not  be  reckoned  as  partly  obsolete  while  in  the  full  career 
of  its  usefulness,  but  that  very  careful  watch  should  be  kept  for  any 
indications  of  a  lessening  demand  for  the  merchandise  which  the 
tool  is  made  to  produce.  The  moment  such  indications  appear, 
depreciations  should  commence  and  should  be  made  rapid  enough 
to  be  surely  on  the  safe  side,  and  to  bring  the  value  of  the  tool 
down  to  nothing  but  what  it  is  worth  for  old  material,  before  said 
marketable  demand  has  entirely  ceased.  Of  course,  good  judg- 
ment is  as  necessary  in  this  matter  as  in  managing  all  other  kinds 
of  property.  A  catastrophe,  causing  a  demand  for  goods  wholly 
and  suddenly  to  cease,  although  possible,  is  not  likely  to  happen. 
If  such  does  happen;  for  instance,  by  earthquakes  occurring  all 
over  a  country  hitherto  unaffected  by  seismic  disturbances,  and 
suddenly  annihilating  the  demand  for  some  article  which  the  tool- 
owner  manufactured  for  non-earthquake-proof  buildings,  but  which 
is  useless  for  the  modified  buildings  replacing  them;  or  when 
some  original  and  brilliant  invention  makes  a  new  article  suddenly 
popular,  and  entireh7  throws  out  all  its  predecessors;  or  when  some 
fashion  in  dress  is  rapidly  changed  by  the  verdict  of  a  foreign  fash- 
ion-monger, as  was  shown  in  the  decadence  of  hoop-skirts  some 
years  ago.  It  is  very  rarely  however,  that  such  occurrences  amount 
to  catastrophes.     In  such  instances  as   the   last   two   named,  the 
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change  is  not  so  sudden  as  to  prevent  a  shrewd  manufacturer  from 
foreseeing  the  prospective  state  of  things,  and  ceasing  his  produc- 
tion gradually.  Of  course,  if  his  whole  capital  is  invested  in  tools 
for  one  particular  article,  catastrophes  or  semi-catastrophes  may 
occur  regarding  it,  just  as  in  the  case  of  the  merchant  who  has  put 
all  his  property  into  the  cargo  of  one  wrecked  ship,  or  into  a  mine 
where  a  promising  vein  of  ore  stops  at  a  sudden  fault.  Such  risks 
must  betaken  in  all  businesses,  and  can  only  be  guarded  against  by 
a  proper  system  of  insurance.  The  wise  course  in  this,  as  in  the 
other  cases  mentioned,  is  to  divide  up  one's  investments  in  such  a 
way  as  to  run  the  risk  of  loss  in  only  one  direction  at  a  time. 

The  opposite  view  regarding  valuation  of  special  tools,  and  one 
which  is  held  by  many  shrewd  and  careful  manufacturers,  is  that 
they  should  be  depreciated  by  a  large  percentage  every  }*ear,  until 
their  value  stands  nil  upon  the  inventory.  One  popular  belief  is 
that  a  special  tool  hasn't  any  value  at  all  until  it  has  paid  for  itself 
in  extra  profits.  Carrying  this  latter  principle  to  a  logical  conclu- 
sion, it  should  be  rated  first  at  nothing,  and  gradually  appreciated 
up  to  full  price.  All  this  is,  of  course,  working  upon  the  safe  side, 
as  regards  the  danger  of  over-valuation,  but  it  is  difficult  to  see  how 
a  corporation,  for  instance,  could  account  to  its  stockholders  for  the 
money  which  they  paid  in,  if  all  the  plant  happened  to  be  of  this 
special  nature.  An  inventory  upon  such  a  basis  would  also  be 
rather  an  awkward  document  to  show  to  would-be  purchasers  of 
the  business  who  were  to  be  assured  of  its  prosperity. 

An  esteemed  friend  of  mine,  who  has  been  a  very  successful 
manufacturer  of  cotton  machinery,  is  in  the  habit  of  depreciating 
many  of  his  special  tools  to  almost  nothing  upon  his  books,  fearing 
they  may  pass  out  of  use  and  cannot  be  made  available  for  other 
purposes.  I  recently  called  his  attention  to  the  logical  discrepan- 
cies in  such  a  method,  putting  the  case  something  like  this:  "Re- 
garding valuation  of  special  tools,  I  rate  them  at  the  bare  cost  of 
reproduction,  and  this  only  when  they  are  in  frequent  and  regular 
use.  The  moment  such  frequency  lessens,  or  there  is  any  doubt 
about  their  continued  usefulness,  they  are  heavily  depreciated. 
Thus,  at  any  time,  all  the  plant  of  a  shop  is  worth  fully  its  recorded 
value,  to  any  purchaser  who  might  buy  out  and  run  the  business, 
providing  the  business  is  successful.  Of  course,  if  it  is  unsuccessful, 
and  is  to  be  sold  at  auction,  it,  or  any  other  kind  of  business,  could 
not  realize  cash  for  its  assets  to  an  amount  anywhere  approaching 
their  valuation.     If  your  principle  were  carried  out,  a  mile  of  rail- 
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way  embankment,  on  a  prosperous  and  paying  route,  would  not  be 
worth  as  much  as  the  real  estate  upon  which  it  stood,  because  some- 
body might  want  to  buy  it  for  a  canal,  and  the  grading  would  all 
have  to  be  turned  inside  out,  so  to  speak.  A  successful  mine  would 
not  be  worth  nearly  its  cost,  because  it  might  be  sold  to  be  used 
for  farming  land ;  and  any  machine-shop  might  attach  but  little 
value  to  any  of  its  plant,  except  perhaps  the  buildings,  boiler  and 
engine,  because  somebody  might  want  to  buy  it  for  a  laundry. 
According  to  your  system,  would  it  not  be  the  case,  that  a  new 
manufacturing  company,  having  just  invested  a  large  part  of  its 
capital  in  the  most  approved  plant  for  its  purposes,  would  be 
obliged  to  say  to  its  stockholders:  'Gentlemen,  our  assets  last 
week  when  you  paid  in  your  money,  were  $100,000,  but  they  are 
now  only  $50,000,  as  much  of  this  plant  could  not  be  sold  for  other 
purposes  than  those  intended  by  its  makers,  for  nearly  the  sum 
which  we  yesterday  paid."1 " 

The  most  pertinent  point  in  his  reply  was,  that  mining  property 
is  always  considered  as  incurring  extra  risk,  and  is  expected  to  pay 
a  much  higher  profit  (say  four  to  one)  than  other  property,  in  order 
that  said  risk  may  be  covered.  This  is  true,  but  if  the  same  prin- 
ciple is  applied  to  special  tools,  and  their  intrinsic  value  is  consid- 
ered to  be  only,  say,  one-fourth  of  what  it  would  cost  to  reproduce 
them,  then  occurs  the  insurmountable  difficulty  above  referred  to  : 
How  shall  the  managers  of  a  property  account  to  its  owners  for  the 
full  amount  of  the  funds  placed  in  their  hands,  the  day  or  week 
after  having  purchased  their  tools,  if  a  considerable  share  of  such 
purchase  has  been  depreciated  75  per  cent,  when  first  entered  in 
the  books?  If  the  plan  is  adopted  of  entering  them  at  full  price 
in  the  beginning,  and  then  depreciating  them  very  rapidly,  although 
in  as  full,  or  fuller,  use  than  at  first,  what  becomes  of  logic  and 
common  sense?  If  a  tool  is  in  perfect  order  five  years  after  it  is 
put  into  operation,  and  is  used  even  more  frequently  than  it  was  at 
first,  in  making  goods  the  demand  for  which  has  increased,  without 
an  apparent  probability  of  a  decline,  why  is  that  tool  not  worth  as 
much  to  its  owners  as  it  was  at  the  start? 

In  practical  dealings  with  this  question,  it  seems  to  me  that  the 
best  course  is  to  give  all  special  tools  an  inventory  rating  at  their 
apparent  value,  according  to  the  principles  enunciated  in  the  former 
paper  and  the  first  part  of  this,  and  then  to  lay  aside  a  portion  of 
the  extra  profits  which  these  tools  have  earned  by  their  special  use- 
fulness, in  the  general  reserve  fund  or  "surplus"  of  the  concern. 
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They  may  thus  be  drawn  upon,  should  any  too  sudden  collapse  in 
values  takes  place.  This  surplus-keeping  is  a  safe  course  (just  as  it 
is  in  the  general  conducting  of  the  business  in  reference  to  strictly 
commercial  risks),  and  a  wiser  one  than  to  pay  out  all  the  profits 
which  these  tools  earn  to  the  partners  or  stockholders — thus  leav- 
ing them  in  a  disappointed  state  of  mind,  should  a  shadow  of  obso- 
leteness gather  rather  suddenly  and  darkly  over  the  special  prop- 
erty in  which  their  money  is  invested.  Just  how  far  to  carry  sur- 
plus-keeping in  genera],  as  a  matter  of  self-insurance  against  all 
kinds  of  losses,  is  a  question  for  individual  judgment,  the  discussion 
of  which  is  scarcely  germane  to  the  purpose  of  this  paper. 

DISCUSSION. 

Mr.  Henry  B,.  Towne. — The  subject  of  this  paper  is  one  which 
interests  nearly  every  one  who  is  engaged  in  the  conduct  of  pro- 
ducing works,  and  can  surely  be  profitably  discussed  by  a  number 
who  are  present. 

It  is  a  subject  to  which  I  have  given  a  good  deal  of  thought. 
The  method  contemplated  by  Mr.  Smith  of  a  catalogue  inventory, 
and  an  appraisement  of  each  special  tool,  involves  a  great  deal  of 
labor  in  a  business  using  many  such  tools,  and  almost  any  busi- 
ness largely  consisting  of  the  production  of  specialties  involves  so 
many  special  tools,  many  of  them  quite  small  and  of  proportion- 
ately small  value,  as  to  make  it  really  a  very  great  labor  to  go 
over  them  one  by  one  annually  and  say  what  they  are  worth.  I 
tried  that  plan  myself  for  a  number  of  years,  and  finally  discarded 
it  as  involving  entirely  too  much  cost  in  proportion  to  the  benefit 
received.  The  discarding  of  that  method  raises  the  question  as 
to  how  else  it  can  be  done.  With  some  special  classes  of  tools  it 
can  be  done,  approximately  and  with  fair  accuracy,  by  weighing 
them — taking  the  tools  by  weight.  In  that  case,  of  course,  the 
tools  must  be  graded  somewhat  according  to  their  kind,  that  is, 
according  to  the  original  amount  of  labor  expended  on  the  mate- 
rial to  convert  it  into  the  tools ;  but  a  few  classes  will  usually 
cover  all  of  this  kind  of  tools  which  can  be  treated  in  that  way. 
But  where  the  number  or  variety  of  tools  is  too  great  to  admit  of 
that  treatment,  I  think  that  the  best  result  with  the  least  expen- 
diture can  be  reached  by  simply  keeping  a  ledger  account  with 
each  class  of  tool,  and  at  the  end  of  a  year  considering  how  much 
shall  be  abated  from  that  account  for  deterioration.  For  special 
tools,  strictly  such,  which  are  applicable  to  nothing  else,  for  in- 
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stance,  jigs,  milling  fixtures,  special  cutting  tools,  which  are  ap- 
plicable only  to  a  particular  product  and  not  to  general  use,  in 
my  judgment,  twenty  per  cent,  per  annum  is  not  too  large  a  rate 
of  deterioration.  That  does  not  mean,  of  course,  that  the  entire 
value  is  sunk  in  five  years,  but  it  means  that  at  the  end  of  five 
years  you  have  got  the  valuation  down  to  a  pretty  low  and  a 
proportionally  safe  basis.  I  think,  however,  there  is  something 
to  be  said  against  this  plan  or  any  of  the  plans  considered  so  far. 
There  is  a  tendency  by  the  adoption  of  any  of  them  to  deceive 
one's  self  as  to  the  real  value  of  your  property  by  classing  as 
assets  things  which  would  be  of  almost  no  commercial  value  in 
the  event  of  a  sale,  and  whose  future  value  is  quite  uncertain ; 
and  it  has  occurred  to  me  lately  that  perhaps  the  better  method 
would  be  to  treat  the  cost  of  all  such  special  tools  primarily  as  an 
expense,  keeping  it  under  a  separate  expense  account  or  table 
during  the  year,  but  letting  it  appear  in  the  monthly  statements 
of  the  cost  of  operating  the  department  for  which  the  tools  are 
made,  and  then  at  the  end  of  the  year  ascertaining  from  your 
books  how  much  the  total  charges  to  this  account  have  been,  and 
consider  then  what  proportion  of  that  total  shall  be  transferred 
to  a  betterment  account  and  credited  to  the  expense  account. 
This  plan  has  the  conservative  value  of  calling  all  of  these  items 
expenses  until  they  have  been  put  into  use  and  tried,  and  their 
value  somewhat  known,  and  then  considering  how  much  of  their 
cost  you  will  take  out  of  the  expense  account  and  put  into  the 
betterment  account.  The  question  is  really  one  of  great  conse- 
quence to  most  manufacturers  who  are  producing  a  specialty,  and 
I  trust  that  some  of  the  other  members  present  will  favor  us  with 
their  views  upon  it. 

Mr.  Oberlin  Smith.— 1  would  say  to  Mr.  Towne  that  it  has  not 
been  my  habit  to  keep  the  valuation  of  these  tools  in  the  inven- 
tory very  much  in  detail,  as  it  does  involve  too  much  work ;  but 
in  getting  up  a  lot  of  tools,  for  instance,  a  set  of  jigs  and  gauges, 
for  the  production  of  some  particular  machine,  I  find  approxi- 
mately what  they  cost  at  first.  The  accouut  is  very  easily  kept 
by  having  a  printed  blank  on  the  corner  of  the  drawing  from 
which  the  tools  are  made,  to  be  filled  in  with  the  cost  when  it  is 
returned  to  the  office.  Thus  I  know  in  the  first  place  what  that 
set  of  tools  cost.  They  are  then  depreciated  a  proper  amount 
and  treated  as  one  item  in  the  inventory ;  that  is,  one  set  of  tools, 
for  machine  so  and  so,  is  worth  so  much. 
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I  would  like  to  ask  Mr.  Towne  regarding  the  case  supposed  in 
this  paper,  where  a  neAv  corporation  is  started,  the  cash  paid  in 
by  the  stockholders,  and  the  need  of  these  special  tools  having  been 
foreseen,  they  have  been  ordered  and  can  be  procured  in  a  week, 
or  a  month,  by  making  or  buying  them.  If  his  idea  of  chargiug 
them  to  the  expense  account  is  carried  out,  what  becomes  of  the 
capital  of  the  concern  ?  How  do  the  managers  account  to  the 
stockholders  for  the  property  they  supposed  they  owned,  if  the 
books  show  it  is  not  property  ? 

The  Chairman. — Special  cases  require  special  treatment.  I 
think  that  a  business  having  so  large  a  proportion  of  its  capital 
invested  in  special  tools  would  reasonably  require  that  a  whole- 
sale abatement  from  first  cost  should  be  made,  and  even  then  I 
would  prefer  making  a  liberal  abatement  to  the  end  of  the  first 
year — at  least  ten,  possibly  twenty  per  cent,  on  the  value  or  cost 
of  the  special  tools. 

Mr.  John  J.  Grant. — I  should  like  to  know  why  a  tool  which  is 
just  as  good  (for  the  purpose  for  which  it  is  designed^  at  the  end 
of  ten  years'  use,  as  it  was  the  first  year,  should  be  depreciated 
twenty  per  cent ,  or  even  ten  per  cent.  We  are  going  through  a 
period  of  inventorying  special  tools  in  our  establishment,  and  we 
are  bothered  about  inventorying  those  tools.  We  find  jigs  and 
fixtures  for  sewing-machine  work,  exactly  as  good  for  our  present 
work  as  on  the  day  they  were  made,  yet  they  were  made  fifteen 
years  ago,  and  if  they  have  depreciated  twenty  per  cent,  a  year, 
they  would  have  no  valuation,  and  the  stockholders  I  think  would 
complain. 

Mr.  T.  J.  Borden. — The  valuation  of  tools,  whether  special  or 
general  tools,  should,  I  think,  be  determined  by  charging  off  each 
year  a  fixed  rate  of  depreciation,  the  percentage  being  computed 
each  year  on  the  value  at  which  they  stood  on  the  books  at  the 
beginning  of  such  year,  or  on  their  cost  if  put  in  during  the 
year. 

The  rate  of  depreciation  must  necessarily  be  much  greater  for 
special  tools  than  for  general,  and  although  it  is  difficult  to  de- 
termine the  exact  rate  to  be  fixed  on  each  tool,  yet  the  number 
of  special  tools  in  most  establishments  is  large  enough  to  warrant 
treating  them  as  a  class,  and  the  exercise  of  one's  best  judgment 
on  the  rate  of  their  depreciation  as  a  class  will  usually  reach 
more  correct  results  than  can  be  attained  by  treating  each  tool 
separately. 
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I  submit  herewith  tables  showing,  at  the  several  rates  of  de- 
preciation named  therein  : 

1.  The  value  at  the  end  of  each  year  for  thirty  years  for  each 
$1,000  of  original  cost. 

2.  The  reduction  in  value  each  year  for  each  $1,000  of  original 
cost. 

It  will  be  noticed  that  the  original  cost  is  not  exhausted  as 
rapidly  as  might,  at  first  thought,  be  expected. 

A  heavy  line  is  drawn  across  Table  Xo.  2  to  indicate  the  points 
in  each  column  where  the  amount  of  reduction  at  the  lower  rate 
exceeds  that  at  the  higher  rate  for  the  corresponding  year.  This 
feature  is  apparent  in  all  of  Table  Xo.  2  below  the  heavy  line. 


Value  at  the  end  of  each  year  for  each  $1,000.00  original  cost. 


Rate  of  Deprecia- 
tion. 

o  per  cent. 

6  per  cent. 

8  per  cent. 

10  per  cent.  12  per  cent. 

15  per  cent. 

20  per  cent. 

Original  Cost . 

$1000.00 

$1000.00 

$1000.00 

$1000.00  $1000.00 

$1000.00 

$1000.00 

End  of  1st  y<-jar 

950  00 

940.00 

920.00 

900.00 

880.00 

850.00 

800.00 

"     2d      " 

902.50 

883. 6o 

846.40 

810  00 

774.40 

722.50 

640.00 

"    3d     " 

857.38 

830.58 

778.69 

729.00 

681.47 

014.13 

512.00 

"    4th   " 

814.51 

780.75 

716.39 

656.10 

599 . 70 

522.01 

409.00 

"     5th    " 

773.78 

733.90 

659. 0X 

590.49 

527.73 

443.71 

327 . 68 

"     6th    " 

735.09 

689.87 

606.36 

531.44 

464.40 

377.15 

262.14 

"     7th    " 

698.34 

648.48 

557.85 

478.30 

408.68 

320.58 

209.72 

"    8th    " 

663.42 

609.57 

513.22 

430.47 

359.64 

272.49 

107.77 

"     9th    " 

630.25 

573.00 

472.10 

387.42 

310.48 

231.02 

134.22 

"  10th    '• 

538.62 

434.39 

348 . 68 

278  50 

196.87 

107.37 

"  11th    '• 

568  8D 

506.30 

399.64 

313.81 

245.08 

107.34 

85.90 

"  12th    " 

540.36 

475.9'-' 

367.68 

282.43 

215.67 

142.24 

68.72 

"  13th    " 

513.34 

447.37 

338.25 

254.19 

189.79 

120.91 

54.98 

"  14th    " 

487.68 

420.52 

311.19 

228.77 

167.02 

102.77 

43.98 

•    15th    " 

463.29 

395 . 29 

286.30 

205.89 

140.97 

87.35 

35.18 

il  16fh    " 

440.13 

371.57 

263.39 

1*5.30 

129.34 

74.25 

28.15 

"  17th    '■ 

418.12 

349.28 

242 . 32 

166.77 

113.82 

63.11 

22.52 

"  18th    " 

397.21 

328.32 

222.94 

150.10 

100.16 

53.65 

18.01 

•'  19th    " 

377.35 

308.62 

205.10 

135.09 

88.14 

45.60 

14.41 

"  20th    " 

358.49 

290.11 

188.69 

121.58 

77.56 

3S.70 

11.53 

"  21st     " 

340.56 

272.70 

173.60 

109.42 

68.26 

32.  95 

9.22 

"  22d      " 

3  -23.53 

256.34 

159.71 

98.48 

60.06 

28.00 

7.3* 

"  23d     " 

307.30 

240.96 

146.93 

88.63 

52.  SO 

23.80 

5 .  90 

"  24th    •' 

291.99 

220.50 

135. 1« 

79.77 

46.51 

20.2:: 

4.72 

"  25th    " 

277.39 

212.91 

124.36 

71.79 

40.93 

17.20 

3.78 

"  20th    " 

263.52 

200.14 

114.42 

64.61 

36.02 

14.62 

3 .  02 

'•  27th    " 

250.34 

188.13 

105.26 

58.15 

31.70 

12.43 

2.42 

'•  28th    •' 

2:;7.83 

176.84 

96.84 

52 .  33 

27.89 

10.50 

1.93 

"  29tli    " 

225.94 

166.23 

89.09 

47.10 

24.55 

8.98 

1.55 

"  30th    " 

214.64 

156.26 

81.97 

42.39 

21.00 

7.03 

1.24 
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Amount  of  reduction  in  value  each  year  for  each  81,000.00  original 

cost. 


Rate  of  Deprecia- 
tion. 

5  per  cent. 

6  per  cent. 

8  per  cent. 

10  per  cent. 

12  per  cent. 

15  per  cent. 

20  per  cent. 

$50.00 

$60.00 

$80.00 

$100.00 

$120.00 

$150.00 

$200.00 

2d       "     

47.50 

56.40 

73.60 

90.00 

105.60 

127.50 

160.00 

3d      "     

45.12 

53.02 

67.71 

81.00 

92.93 

108.37 

128.00 

4th     "    

42.87 

49.83 

62.30 

72.90 

81.77 

92.12 

102.40 

5th    "    

40.73 

38.69 

46.85 
44.03 

57.31 
52.72 

65.61 
59.05 

71.97 
63.33 

78.30 

81.92 

6th    "    

6i5.56 

65.54 

7th    "     

36.75 

41.39 

48.51 

53.14 

55.72 

56.57 

52 .  42 

8th    "     

34.92 

38.91 

44.63 

47.83 

~~ WM 

48.09 

41.95 

9th    "    

33.17 
31.51 

36.57 
34.38 

41.06 
37.17 

43.05 

43.16 
37.98 

40.87 
34 .  75 

33.55 

10th    "     

38.74 

26 .  85 

11th    "    

29.94 
28.44 

32.32 
30.38 

34.75 

34.87 
31.38 

'33.42 
29.41 

29.53 
25.10 

21.47 

12th    "     

31.96 

17.18 

13th    "    

27.02 

28.55 

2'J .  43 

28.24 

25.88 

21.33 

13.74 

14th    "    

25.66 

26.85 

27.06 

25.42 

22.77 

18.14 

11.00 

loth    "    

24.39 

25.23 

24.89 

22.88 

20.05 

15.42 

8.80 

16th    "     

23.16 

23.72 

22.91 

20.59 

17.63 

13.10 

7.03 

17th    "     

22.01 

22.29 

21.07 

18.53 

15.52 

11.14 

5.63 

18th    "    

20.91 

20.96 

19.38 

16.67 

13.66 

9.46 

4.51 

19th    "    

— 19.86 

19.70 

17.84 

15.01 

12.02 

8.05 

3.60 

20th    "    

18.86 

18.51 

16.41 

13.51 

10.58 

'6.84 

2.88 

Slst     "    

17.93 

17.41 

15.09 

12.16 

9.30 

5.81 

2.31 

22d      "     

17.03 

16.36 

13.89 

10.94 

8.20 

4.95 

1.84 

23d      "     

16.17 

15.38 

12.78 

9.85 

7.20 

4.20 

1.48 

24th    "     

15.37 

14.46 

11.75 

8.86 

6.35 

3.57 

1.18 

25th    "    

14.60 

13.59 

10.82 

7.98 

5.58 

3.03 

.94 

26th    "    .    .    . 

13.87 

12.77 

9.94 

7.18 

4.91 

2.58 

.76 

27th    "    

13.18 

12.01 

9.16 

6.46 

4.32 

2.19 

.60 

28th    "     

12.51 

11.29 

8.42 

5.82 

3.81 

1.87 

.49 

29th    "    

11.89 

10.61 

7.75 

5.23  | 

3.34 

1.58 

.38 

30th    "      .... 

11.30 

9.97 

7.12 

4.71 

■ 

2.95 

1.35 

.31 

Mr.  Oberlm  Smith. — To  answer  partly  what  Las  been  said,  I 
would  say  that  in  my  inventory  of  special  tools  they  are  very 
much  depreciated ;  but  a  good  part  of  this  is  the  difference  be- 
tween what  they  did  cost  and  what  it  would  cost  to  reproduce 
them.  I  would  not  usually  attempt  to  mark  anything  of  this  kind 
at  what  it  did  cost,  because  one  can  always  build  a  duplicate  con- 
siderably cheaper.  But  it  does  seem  to  me,  as  Mr.  Grant  says,  that 
if  a  thing  has  been  entered  in  the  inventory  at  a  lower  price  than 
it  costs  to  reproduce  it,  the  price  should  be  marked  up  to  about 
such  cost  of  reproduction,  being  very  careful  to  depreciate  for  any 
possible  obsoleteness,  and  of  course  depreciating  for  wear  and 
tear.  This  latter  does  not  occur  so  much  with  special  as  with 
ordinary  tools,  because  they  have  to  be  kept  up  to  do  their  work 
in  the  very  best  manner.  I  should  like  to  hear  the  views  of  mem- 
bers in  regard  to  inventorying  patterns.  Of  course,  jigs  are  not 
as  familiar  to  everybody  as  ordinary  foundry  patterns,  but  every 
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one  who  has  had  anything  to  do  with  machine-shops  has  dealt 
with  the  latter.  Probably  many  of  you  who  are  machinists  have 
systems  of  valuing  patterns.  They  are  just  as  much  special  tools  as 
are  jigs,  templets,  or  gauges.  They  are,  if  obsolete,  worth  nothing 
except  for  kindling  wood,  but  if  in  full  use,  they  are  of  great  value 
in  conducting  a  machine-shop  and  foundry,  if  we  judge  value  of 
articles  positively  needed  by  cost  of  reproduction.  I  think  it 
would  be  of  interest  to  us  all  if  we  could  hear  the  experience  of 
the  different  members  as  to  how  they  value  their  foundry  patterns. 

The  Chairman. — It  will  contribute*  very  much  to  the  value  of 
this  discussion  if  any  of  the  members  will  state  what  their  prac- 
tice has  been,  and  the  practice  of  any  establishment  they  know  of 
— we  would  be  glad  to  know  the  simple  fact  of  what  really  has 
been  adopted  by  them  in  the  valuing  of  special  tools. 

Mr.  T.  J?.  Almond. — I  would  say  that  I  have  considered  many 
of  the  special  tools  which  I  have  in  use  for  my  purposes  as  being 
really  of  more  value  after  the  first  year's  use  than  they  were  during 
the  first  year.  I  find  that  by  careful  treatment  the  tools  improve  in 
value.  Of  course,  this  is  in  relation  to  what  they  are  for.  If  they 
are  for  very  fine  work,  where  the  half- thousandth  of  an  inch  or  a 
quarter  of  a  thousandth  of  an  inch  comes  in,  then  the  tools,  many 
of  them,  will  undoubtedly  increase  in  value.  They  have  to  be,  as 
we  say  in  the  shop,  tinkered  with  or  humored  until  we  get  them 
iuto  a  correct  condition  for  the  purpose.  If  the  tools  are  de- 
stroyed, you  have  to  reproduce  them  again  ;  you  have  to  exercise 
an  amount  of  ingenuity  in  reproducing  them.  In  many  instances 
you  have  to  invent  them  over  again.  It  would  seem  to  me  that 
the  matter  of  invention  should  be  considered  in  connection  with 
the  subject  somewhat.  It  is  not  a  matter  of  simply  destroying  a 
tool,  and  being  able  to  reproduce  it  again.  We  have  no  means  of 
doing  it  in  many  instances.  Of  course,  I  am  speaking  mainly  with 
regard  to  the  small  tools  which  are  so  common  in  the  production 
of  fine  work,  and,  as  Mr.  Grant  says,  I  think  the  value  increases 
in  many  instances  instead  of  decreasing — I  do  not  mean  for  a  con- 
tinuous period,  say  ten  or  fifteen  years,  but  during  the  first  three 
or  four  years  of  their  life. 

Mr.  J.  IT.  Cole. — Speaking  of  twenty  per  cent,  reduction  per 
annum,  some  of  us  may  get  the  idea  that  the  value  will  be  wiped 
out  in  five  years ;  whereas,  if  one  looks  at  it,  he  will  find,  as  Mr. 
Grant  stated,  that  the  depreciation  is  on  a  decreased  value  ;  it 
runs  on  your  inventory  for  years. 
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The  Chairman. — And  will  never  disappear  entirely. 

Mr.  Cole. — No,  sir  ;  not  entirely. 

Mr.  A.  C.  Walworth. — I  would  sa}-  in  regard  to  the  practice  in 
the  establishment  with  which  I  am  connected,  that  it  is  our  cus- 
tom to  charge  off  on  standard  tools,  ten  per  cent,  a  year ;  on 
special  tools,  twenty  per  cent.  Our  wooden  patterns  we  charge 
to  expense.  I  think  we  call  all  our  woodeu  patterns,,  varying  from 
one  to  twenty  years  old,  worth  five  thousand  dollars,  and  they 
have  stood  at  that  on  the  books  during  that  time,  although  every 
year  we  are  adding  to  them,  and  we  have  a  great  many  more  than  we 
had  then.  Still,  they  are  such  a  changeable,  perishable  property 
that  we  think  the  safest  way  is  to  charge  the  new  ones  to  the  ex- 
pense of  running  the  business,  because  if  you  close  your  business 
out,  your  wooden  patterns  will  realize  very  little  money.  In  re- 
gard to  well-made  brass  patterns  for  molding  machines,  etc.,  the 
case  is  a  little  different.  We  consider  them  as  we  do  tools,  and 
charge  off  ten  per  cent,  a  year.  I  think  that  we  have  been  rather 
conservative  in  that  way,  and  have  kept  on  the  safe  side. 

Mr.  Grant. — I  would  like  to  ask  Mr.  Smith  in  case  there  is  a 
slight  change  in  any  part  of  the  machine  that  requires  a  new  jig, 
what  would  he  do  ?  Would  he  wipe  that  jig  out  entirely  and  put 
the  entire  cost  of  the  new  jig  in  as  stock  ? 

Mr.  Smith. — Yes,  sir;  I  would  wipe  out  the  other  jig  at  a  cent 
a  pound,  and  charge  the  new  one  at  wdiat  it  cost,  or  less.  You 
have  the  experience,  anl  probably  the  drawing  of  it,  and  all  that, 
and  perhaps  you  can  make  a  duplicate  one  quicker;  so  I  would 
always  put  each  necessary  jig  at  the  cost  of  reproducing  it  in 
its  present  condition,  and  thoroughly  wipe  out  the  other  one. 
When  obsoleteness  comes,  you  must  cut  such  tools  right  down  as 
quick  as  you  can,  or  else  you  will  get  caught. 
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CCXXXIX. 
CAPITA  US  NEED  FOR  HIGH-PRICED   LABOR. 

BY  W.   E.    PARTRIDGE,  NEW  TORE 

(Member  of  the  Society.) 

The  labor  troubles  of  employers,  both  in  England  and  America, 
are  largely  due  to  a  wrong  theory  in  regard  to  wages.  This 
theory  is  so  deeply  rooted  in  the  minds  of  both  the  laborer  and  the 
capitalist,  that  it  has  passed  unquestioned  from  the  early  days  of 
manufacturing  to  the  present.  Stated  in  its  simplest  form,  it  is 
this :  The  less  the  price  paid  for  labor,  the  less  will  the  product 
cost.  Consequently  the  manufacturer,  when  he  wishes  to  lessen 
the  cost  of  goods,  first  considers  the  question  of  a  reduction  of 
wages.  This  is  an  obvious  method,  within  the  comprehension  of 
any  one.  It  calls  for  no  investigation  of  methods  and  involves  no 
intricate  estimating. 

Among  the  mechanical  trades  it  is  a  pretty  generally  recognized 
fact  that  the  easy  way,  and  that  into  which  the  apprentice  generally 
falls,  is  always  a  wrong  way.  In  the  case  of  wages,  no  exception  is 
found  to  the  rule.  A  present  reduction  in  wages  may  for  the  time 
reduce  the  cost  of  the  product,  whatever  it  is,  but  the  reaction  is 
bad.  The  Old  World  stands  to-day  distanced  by  America,  and  ex- 
ceedingly anxious,  because  wage-reduction  has  been  pushed  a  little 
beyond  the  point  where  starvation  begins.  In  spite  of  having 
thus  carried  the  principle  to  the  extreme,  America  faces  her  and 
produces  in  many  lines,  for  less  money  and  of  better  quality.  The 
reason  is  that  here  we  have,  to  some  extent,  been  forced  to  adopt 
the  true  theory  of  work  and  wages.  Our  present  labor  troubles 
largely  come  from  the  introduction  of  Old-World  ideas  and  Old- 
World  methods.  The  very  existence  of  the  trade  union  depends  on 
the  wide-spread  belief  that  cheap  labor  makes  cheap  products. 

The  truth  in  this  case  happens  to  be  at  precisely  the  opposite 
pole.     The  correct  theory  ig,  that  high-priced  labor  makes  a  cheap 
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product.  The  manufacturer  or  employer  who  carefully  considers 
the  ultimate  success  of  his  undertaking  must  study  how  he  may  in- 
crease the  individual  earnings  of  those  whom  he  employs.  He 
must  seek  for  the  highest-priced  labor  as  giving  him  the  best  re- 
turns for  his  expenditure.  His  problem  is  to  adopt  a  system 
which  shall  utilize  skill  and  intelligence.  These  are  imperative 
and  universal  laws,  and  apply  to  all  branches  of  business. 

That  high-priced  wages  make  cheap  goods  seems  a  paradox  to 
many  who  have  only  considered  the  other  side.  The  question 
naturally  arises,  Is  this  possible?  Has  such  a  thing  ever  happened, 
and  can  it  happen  again  ?  The  answer  is,  Yes.  England  has  for 
many  years  held  markets  on  the  continent  of  Europe,  in  the  face 
of  the  fact  that  wages  were  much  higher  in  England.  From  Eng- 
land, cottons  are  sent  to  India  and  China  in  spite  of  the  cheap 
labor  of  the  latter  countries. 

The  view  usually  taken  is  that  machinery  enables  the  English 
to  manufacture  so  cheaply  as  to  enable  them  to  compete  with  the 
cheap  labor  of  China.  In  one  sense  this  is  a  mistake.  Before  the 
cheap  labor  can  run  the  machines,  it  must  be  educated  and  drilled. 
It  must  become  skilled  to  such  an  extent  as  no  longer  to  deserve 
the  title  of  cheap.  Skilled  labor  must  be  exported  to  China  to 
superintend,  if  successful  cotton  factories  are  to  be  erected  in  that 
country. 

Some  years  since,  a  manufacturer  of  presses  for  making  articles 
from  sheet  metal  advertised  his  machines  abroad,  and,  basing  his 
statements  on  what  was  habitually  done  in  America,  said  they 
would  run  120  strokes  per  minute.  Foreign  purchasers  com- 
plained. They  could  not  make  half  so  many  articles  in  a  given 
time  as  he  had  promised.  Visiting  the  shops  in  person,  he  found 
no  difficulty  in  feeding  the  blanks  to  the  press  for  minute  after 
minute  at  the  guaranteed  rate,  but  he  discovered  that  the  cheap 
workmen  whom  the}7  employed  could  not  keep  up  the  American 
rate.  After  that,  the  guaranties  advertised  abroad  were  only  half 
as  large  as  the  capacity  of  his  machines  in  America.  Similar  cases 
are  within  the  knowledge  of  every  manufacturer  of  machinery  who 
has  an  export  trade. 

The  use  of  machinery  presents  the  greatest  advantages  in  those 
countries  where  general  intelligence  is  greatest,  and  skill  is  most 
common,  and  where,  in  consecpuence,  labor  is  most  highly  paid,  and 
in  countries  where  labor  is  cheapest,  machinery  cannot  be  run 
by  the  natives.     Not  long  since,  an  American  engineer  in  Russia, 
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who  had  been  superintending  the  erection  of  machinery  for  making 
oil  cans,  wandering  about  Batoum,  saw  at  a  distance  a  hundred  or 
more  camels  receiving  loads  of  a  peculiar  form,  and  all  alike.  Ap- 
proaching, he  found  a  caravan  about  to  start  for  Persia,  and  the  loads 
were  Singer  sewing-machines — two  to  each  animal.  Skilled  and 
high-priced  labor  alone  has  made  a  sewing-machine  possible  that  can 
be  shipped  half  way  around  the  globe  and  transported  a  thousand 
miles  upon  camels  to  a  land  of  low  wages.  Without  such  labor  the 
machinery  for  its  manufacture  could  neither  be  built  nor  oper- 
ated. Could  skilled  labor  be  obtained,  capital  would  soon  erect 
in  Asia  the  necessary  machinery,  and  save  the  cost  of  transporta- 
tion. 

Prom  general  cases  it  is  well  to  turn  to  those  which  are  more 
particular,  in  order  to  demonstrate  the  advantage  and  imperative 
necessity  of  seeking  to  increase  the  earnings  of  labor.  Some  years 
since,  an  industry  was  started  in  the  eastern  part  of  the  country, 
which  grew  to  considerable  proportions.  The  distance  from  con- 
sumers, cost  of  transporting  bulky  articles,  and  high  wages,  led  to  a 
transference  of  the  factory  to  Boston.  It  was  then  concluded  that 
the  cheaper  labor  obtainable  in  Xew  York  and  its  advantages  as 
a  business  center  would  pay  for  another  removal.  The  factory  was 
then  brought  to  Xew  York.  It  was  found,  however,  that  both 
changes  were  for  the  worse.  Fine  materials,  like  ornamented 
paper,  silk,  satin,  scrap-pictures,  etc.,  were  employed,  and  the  waste 
of  these  in  cheap  hands  was  so  great  that,  in  spite  of  higher  wages, 
long  freightage,  and  cold,  long  winters,  it  was  cheaper  and  best  to 
remove  the  factory  for  the  third  time,  to  the  village  in  Maine 
where  it  started. 

An  example  of  the  inevitable  evils  of  seeking  cheap  workmen 
happened  a  few  years  ago  in  a  shoe  shop  in  the  western  portion  of 
the  State.  At  the  regular  price  for  piece-work  exceedingly  good 
wages  were  made  by  the  smarter  girls  in  the  factory:  825  and 
even  $30  per  week  were  paid  to  single  operatives.  A  large 
number  of  girls  were  employed,  some  able  to  earn  these  wages, 
while  the  rank  and  file  averaged  at  the  time  about  88.  Cut 
after  cut  was  made  in  the  wages,  because  the  employers  thought  that 
no  girl  ought  to  earn  more  than  $10  per  week.  The  result  was 
hardly  what  was  expected.  The  capable  women  whom  they  hoped 
to  cut  down  to  810  left  them.  Only  the  poorer  operators  remained, 
the  best  of  whom  could  earn  only  s.j  or  86  per  week.  The  pro- 
ductiveness of  the  plant  had  been  cut:  down  in  about  the  same  ratio 
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as  the  cut  in  wages,  and  the  most  expert  and  valuable  laborers 
were  forced  to  leave,  and  quality  suffered  as  well  as  quantity.  The 
profitableness  of  such  an  operation  is  certainly  questionable.  In 
contrast  to  this  is  the  testimony  of  one  of  our  shrewdest  and  most 
intelligent  Eastern  manufacturers,  that  within  fifteen  years,  in  sev- 
eral departments  of  his  establishment,  systems  have  been  in  opera- 
tion which  have  reduced  '"  the  labor  cost  on  certain  products  with- 
out encroaching  upon  the  earnings  of  the  men  employed."  In 
this  establishment  records  are  kept  with  great  care  and  system,  and 
the  accuracy  of  the  statement  is  beyond  a  doubt. 

It  is  a  fact,  known  and  recognized  for  years,  that  in  certain  lines 
of  metal  work,  goods  were  most  cheaply  produced  in  parts  of  New 
England  where  the  earnings  of  the  men  and  wages  in  general  were 
the  highest,  and  the  same  goods  were  most  expensive  to  make  in  parts 
•  of  the  West  where  the  daily  earnings  were  only  a  third  as  large. 
The  facilities  were  equal.  A  manufacturer,  in  speaking  of  this, 
said,  u  My  men  are  respectable  citizens  and  property  owners,  with 
children  who  will  go  through  the  high  school,  and  perhaps  through 
college."  He  characterized  those  of  another  section  as  but  one 
remove  from  the  day  laborer,  and  of  no  account  socially. 

The  workman  who  earns  large  wages  is  valuable  to  his  employer, 
because  he  returns  a  _  large  product  for  a  given  outlay.  Such  a 
sale  of  labor  is  in  one  sense  a  wholesale  transaction.  When  two 
men  sell  a  dollar's  worth  of  labor,  the  buyer  rarely  expects  more 
than  90  per  cent,  return,  while  if  one  man  performs  the  work, 
something  over  100  per  cent,  would  not  be  unusual.  When  the 
earnings  are  large  in  proportion  to  the  number  of  workers,  the 
value  of  the  plant,  as  well  as  of  the  product,  is  increased.  Cases  are 
on  record  where  an  increase  of  the  earning  power  of  the  men  has 
been  equivalent  to  an  increase  in  the  capacity  of  an  establishment. 
Men  who  earn  large  wages  become  property  holders ;  they  are  re- 
spected citizens,  conservative,  self-respecting,  intelligent,  and  tem- 
perate. Their  children  do  not  grow  up  to  swell  the  criminal 
classes.  Such  citizens  are  a  valuable  purchasing  power  in  the 
land ;  their  prosperity  is  of  a  stable  character.  Men  of  this  class 
have  no  labor  troubles;  they  have  too  much  at  stake  and  are  too 
well  assured  of  the  necessity  of  continued  work,  and  too  successful 
in  it,  to  take  part  in  strikes. 

Manufacturing  can  only  be  prosperous  through  long  periods  in 
large,  thrifty  communities,  where  the  average  income  of  the  masses 
is  high,  and  where  wealth  is  widely  distributed  ;  under  such  con- 
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ditions,  consumption  is  enormous.  The  tax  imposed  by  poverty 
bears  lightly,  because  there  is  no  poor  class — no  pauper  labor. 

It  must  not  be  understood  that  the  suggestion  of  high  wages 
means  that  the  manufacturer  or  employer  should  at  once,  make  an 
advance  in  the  wages  paid,  or  increase  the  price  of  piece-work. 
Such  a  course  is  disastrous  alike  to  employer  and  men.  Advanc- 
ing prices  without  a  corresponding  advance  in  earning  power,  re- 
sults ultimately  in  a  permanent  decline  in  earnings.  This  is  a 
rule  which  appears  to  have  had  no  exceptions  in  this  country.  It 
is  a  result  greatly  to  be  feared. 

In  Great  Britain  a  strange  thing  has  happened,  which  may  be  in- 
terpreted in  many  ways.  As  the  price  of  wages  in  the  great  iron- 
producing  establishments  has  been  reduced,  so  has  England  begun 
to  feel  Belgian  and  German  competition.  This  has  often  been 
looked  upon  as  a  case  of  cheap  labor  against  that  which  is  higher 
priced.  Others  take  the  ground  that  it  is  the  irrepressible  conflict 
between  machinery  and  man  ;  in  which  they  say  that  man  must 
be  ground  to  powder  if  machinery  is  tolerated.  Examine  the  case 
a  little  further,  and  it  will  be  found  that  it  has  been  a  contest  of 
machinery  alone.  In  such  a  contest,  the  latest  comers,  and  those 
having  the  most  capital,  are  always  winners.  Belgium  and  Ger- 
many had  only  to  construct  superior  plants,  and  employ  as  much  or 
more  capital,  and  they  could  command  the  markets  of  the  world, 
the  natural  facilities  being  nearly  similar.  The  only  reply  to  this 
attack  was  to  reduce  wages  and  increase  and  improve  the  machin- 
ery. But  the  Belgians  could  reduce  wages  even  more  easily  than 
the  English,  and  the  improved  machines  of  one  country  could  be 
duplicated  by  the  other  within  a  year  or  two. 

Had  the  English  iron-masters  turned  their  attention  to  the  im- 
provement  of  their  labor  as  well  as  their  machines;  had  they  made 
one  Englishman  in  their  iron  works  as  good  as  three  Belgians, 
competition  would  have  been  extinguished.  They  had  not  learned 
a  lesson  which  the  ship  owners  of  the  last  generation  could  have 
taught  them  ;  that  one  English  or  American  sailor  was  worth  two 
of  any  other  nationality,  and  English  and  American  ships,  though 
paying  high  wages,  cost  less  to  handle  than  those  of  other  nations. 
They  habitually  sailed  with  fewer  men  and  with  greater  safety  and 
more  profit.  Labor  of  a  high  class  cannot  be  exported  ;  it  is  not 
duplicated  by  capitalists  of  a  foreign  country,  and  it  is  exempt  from 
competition  of  machinery  or  men. 

The  general  problem  which  the  employer  of  the  present  day  in 
18 
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tins  country  must  solve  is  a  simple  one  in  its  general  form.  It  is 
to  increase  the  earning  powers  of  his  men  from  year  to  year,  and 
to  do  it  in  such  a  way  that  the  men  not  only  earn  more,  but  are 
more  profitable  to  him.  Though  simple  as  a  general  statement,  it 
becomes  complex  when  applied  to  individual  industries.  The 
method  which  has  been  employed  in  a  single  instance  will  serve  as 
an  illustration  of  how  the  problem  may  be  attacked  in  relation 
to  piece-work.  In  a  large  establishment  in  Pennsylvania,  embrac- 
ing a  great  variety  of  trades,  piece-work  is  almost  the  rule.  When 
a  man  devises  any  method  by  which  a  saving  of  time,  labor,  or 
material  is  effected,  he  calls  for  a  trial  of  the  improvement. 
When  it  is  found  successful,  a  new  schedule  for  that  class  of  work 
is  made  and  the  price  is  reduced,  but  the  men  get  one-half  of  the 
gain  and  the  establishment  the  other  half.  Cost  of  production  has 
been  reduced  and  the  earnings  of  the  men  increased.  This  stimu- 
lates every  man  to  study  processes  and  machinery.  Every  motion 
is  criticised ;  the  operation  of  every  machine  watched  with  the 
utmost  care  by  intelligent  and  interested  eyes.  Ambition  is  at 
work,  there  is  an  incentive  for  men  of  skill  to  stay,  because  they 
feel  assured  that  there  is  an  ultimate  market  for  what  they  have  to 
sell.  Every  man  is  as  interested  in  cutting  down  the  price  of 
piece-M'ork  as  the  proprietor  himself.  Under  this  system  no  limit 
is  placed  on  the  sum  a  man  may  earn  by  piece-work.  The  higher 
the  wages  the  more  profitable  is  the  plant. 

When  improvements  in  processes  are  designed  in  the  office  or  by 
the  heads  of  departments — that  is,  when  they  may  be  said  to  origi- 
nate with  the  proprietor — the  establishment  takes  two-thirds  of  the 
saving  effected,  and  the  men  one-third.  It  must  be  understood  that 
such  tools,  appliances,  or  alterations  in  tools  as  may  be  needed  to 
introduce  improvements,  are  made  by  the  works,  for  the  men  ;  hence 
a  man  when  he  has  designed  an  improved  method  of  doing  his  work 
is  not  at  any  expense  in  demonstrating  or  introducing  it.  How 
profitable  this  system  has  proved  for  the  works  can  be  judged  from 
the  fact  that  a  few  years  ago  the  labor  on  one  article  cost  $6,  and 
18  months  ago  the  same  thing,  in  an  improved  form,  was  being 
turned  out  for  $2.50.  The  men  at  the  latter  price  were  earning 
higher  wages  than  before.  This  method  is  capable  of  being 
applied  in  many  lines  of  business.  In  some  it  has  a  wider  range 
than  in  others,  but  it  is  profitable  in  all. 

The  underlying  principle, however,  is  applicable  in  every  line  of 
business,  and  the  employer  will  find  it  profitable  to  enlist  upon  his 
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own  side,  and  virtually  take  into  partnership  with  him,  the  hope, 
ambition,  and  self-interest  of  his  men. 

DISCUSSION. 

Mr.  Win.  E.  Partridge. — (In  opening  the  debate,  and  in  the 
formal  presentation  of  his  paper  to  the  meeting.)  More  than 
one  hundred  years  ago  France  found  herself  in  a  condition 
not  unlike  that  which  is  prevailing  to-day.  The  community 
was  separated  by  a  greater  extreme  perhaps  than  at  the  present 
time.  The  nobles  and  the  king  were  France.  The  people 
were  animals,  of  which  a  noble  lady  said  "  it  is  doubtful  whether 
they  have  souls."  The  feudal  system  had  thrown  the  money  into 
the  hands  of  the  nobles ;  the  people  had  nothing,  and  were,  per- 
haps, infinitely  worse  off  than  the  poorest  of  our  laboring  classes  at 
the  present  time.  A  preacher  arose — in  fact,  many  of  them — and 
preached  just  such  a  crusade  as  we  are  hearing  to-day,  and  the  re- 
sult was  179S.  It  is  a  question  which  has  great  interest  to  us 
whether  1898  will  mark  a  period  of  equally  disastrous  uprising 
with  us.  Certainly  there  are  some  things  in  the  history  of  labor 
and  capital  which  make  it  seem  almost  probable.  Then  the  king 
said,  "  I  am  the  State  ;  "  and  the  nobles  said,  "  After  us  the  del- 
uge ;  "  and  after  them  the  deluge  came,  and  it  was  by  no  means  a 
pleasant  one.  To-day,  in  the  eyes  of  labor,  capital  is  in  a  position 
not  dissimilar,  but  the  facts  are  that  capital  has  robbed  labor  of 
nothing.  The  workingman  cannot  say  that  in  this  country  any- 
thing has  been  taken  from  him  by  the  wealthy  class  as  a  body. 
He  has  no  right  to  ask' anything  of  capital  and  of  brains,  for  brains 
and  capital  must  be  classed  together  to-night  in  this  discussion. 
We  then  come  to  a  question  written  in  our  oldest  book — "  Am  I 
my  brother's  keeper  ?  "  No,  perhaps  not ;  perhaps  not  in  a  busi- 
ness sense.  Strict  morality  will  not  ask  you  to  take  your  property 
and  give  it  to  some  one  else  ;  but  the  sharp  business  foresight  says, 
in  the  light  of  what  may  happen,  "It  will  be  very  much  better  for 
us  to  do  something  more  than  our  duty."  The  laborer  to-day  in 
masses  is  not  capable  of  thinking  for  himself.  If  he  was,  he  would 
not  be  a  day  laborer.  If  he  could  do  the  planning  necessary  to 
organize  a  great  railroad  system,  and  bring  it  from  bankruptcy  up 
to  si\  per  cent,  on  watered  stock  of  double  its  original  value,  he 
would  not  be  working  for  }'ou  for  a  dollar  and  a  quarter  per  day. 
If  your  man  at  the  machine  tool  was  capable  of  inventing  quickly, 
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habitually,  and  well,  he  would  be  getting  his  $3,000,  $6,000,  and 
.$7,000  a  year,  instead  of  $18,  820,  or  $25  a  week.  It  is  the  old 
story  of  McCullough's  asking  the  "  supe  "  why  he  could  not  an- 
nounce "My  Lord,  the  King!"  "Can't  you  do  it  as  I  do?" 
"Naw;  if  I  could,  I  wouldn't  be  a  '  supe '  on  six  dollars  a  week." 
Now,  the  capitalist  and  the  thinker  must  take  these  men  into  part- 
nership with  them  as  a  matter  of  safety — not  partnership  in  a  busi- 
ness sense,  but  a  partnership  in  a  humanitarian  sense.  Instead  of 
devoting  just  100  per  cent,  of  your  business  time  to  making  your 
own  money,  you  must  give  him  a  portion  of  the  time,  and  attempt 

to  mike  his  condition  better  for  him.     The  business  man  can  do 

* 

wonders  for  his  men.  I  have  attempted  to  show,  in  the  preceding 
paper,  that  greater  earning  power  is  as  valuable  to  capital  as  it  is 
to  labor.  There  is  not  a  man  I  think  here  who  has  had  charge  of 
a  shop  who  cannot  give,  chapter  and  verse,  that  the  greater  the 
earnings  the  more  valuable  is  the  stock  ;  it  increases  the  value  of 
your  plant — of  your  factories.  But  I  need  not  tell  this;  you  know 
all  about  it.  But  there  is  one  thing  that  you  will  have  to  do  for 
3'our  men,  and  that  is  to  think  for  them  in  ways  which  will  enable 
them  to  earn  more.  In  other  words,  it  may  be  necessary  here  and 
there  to  follow  the  style  of  some  of  the  French  co-operative  estab- 
lishments. Nominally  co-operative,  they  are  really  establishments 
where  the  owner  has  taken  his  work  people  into  a  participation  of 
the  profits  of  the  business,  and  enabled  their  earnings  to  be  greater 
than  they  possibly  cculd  be  had  he  stopped  his  thought  about  and 
planning  for  them  when  the  six  o'clock  whistle  blew. 

Mr.  John  T.  Haivkins. — In  a  brief  discussion  of  this  paper,  I 
desire,  principally,  to  emphasize  the  position  taken  by  Mr.  Part- 
ridge ;  and,  by  extending  into  slightly  other  channels  the  applica- 
tion of  the  aphorism  given  in  his  first  paragraph,  to  add  to  the 
much-mooted  labor  questions  of  the  day  something  which  inay  pos- 
sibly be  of  advantage  to  the  earnest  men  throughout  the  country 
who  are  now  discussing  the  present  or  late  disturbed  and  unsatis- 
factory relations  of  the  employer  and  employee. 

There  is  little,  if  any  doubt,  that  to-day  the  average  employer, 
to  a  great  extent  at  least,  accepts  the  mistaken  axiom:  "The  less 
the  price  paid  for  labor,  the  less  will  the  product  cost  ;"  and  it  will 
probably  be  more  emphatically  and  universally  accepted  by  the 
average  mechanic  or  laborer.  I  do  not  think,  however,  so  far  as 
the  employee  sees  it,  that  "  among  mechanical  trades  it  is  a  pretty 
generally  recognized  fact  that  the  easy  way  is  always  the  wrong 
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way,"  if  applied  to  the  actual  energy  displayed  by  the  average 
workman  in  a  given  time  ;  and  it  is  the  grand  and  constant  error 
of  his  life  that  the  laborer  does  not  recognize  this  truth  ;  and  that 
he  does  not,  goes  without  saying  with  every  one  who  has  had  any 
extended  experience  as  an  employer. 

The  two  principal  factors,  in  the  present  strained  relation  be- 
tween employer  and  employed,  are,  I  think  :  First,  that  the  former 
assumes  the  right  to  get  the  greatest  number  of  hours  of  labor  out 
of  the  employee  for  the  least  possible  wages,  disregarding,  in  a  large 
measure,  that  the  dissatisfied  laborer,  working  a  given  number  of 
hours,  is  vastly  less  efficient  than  he  who  is  satisfied  with  his  lot 
and  will  do  a  fair  hour's  work  in  every  hour;  second  (and  by  far 
the  most  formidable  factor),  that  the  latter  considers  it  to  be  his 
bounden  duty  to  do  the  least  possible  in  the  hours  he  has  agreed  to 
work.  There  is  more  excuse  for  the  laborer  than  the  employer, 
perhaps,  because  in  the  main  he  is  naturally  not  so  situated  as  to 
become  so  well  informed  on  social  economics  as  his  employer,  and 
is  biased  by  all  such  imaginings  as  that,  if  he  does  too  much,  he 
will  be  keeping  some  other  fellow  out  of  a  job  ;  or  that,  if  he 
makes  a  given  labor-saving  tool  produce  all  that  it  is  capable  of 
doing  or  intended  to  do,  he  will  be  adding  to  the  already  untold 
wealth  of  the  employer,  without  anything  accruing  to  him  for  the 
extra  exertion.  "What  difference  will  it  make  to  me,"  he  reasons, 
"  if  I  make  this  machine  bore  ten  of  these  wheels  a  day,  where 
I  have  been  doing  only  five  ?  It  will  only  be  more  money  in  his 
pocket,  which  already  has  so  much  more  than  I,  without  adding  one 
cent  more  to  my  wages  at  the  end  of  the  week.  So  the  less  I  do 
the  better  and  easier  for  me." 

I  do  not  pretend  to  say  that  there  are  not  many  employers  who, 
in  a  rather  general  or  perfunctory  way,  approve  of  paying  not  only 
the  most  skillful,  but  the  most  industrious,  somewhat  in  proportion 
to  their  merits  ;  but  that  there  is  a  lamentable  lack  of  a  proper  rec- 
ognition of  this  principle,  on  the  part  of  employers,  there  is,  in  my 
opinion,  not  a  doubt.  But  much  as  I  believe  this  fact  tends  to 
the  restlessness  now  reigning  in  the  world  of  labor,  this  is,  by  far, 
the  less  of  the  two  disturbing  factors  indicated  above.  The  one 
undeniable  fact  that  the  average  workman  or  laborer  to-day  con- 
siders it  to  his  gain  that  he  does  the  least  instead  of  the  most  he 
can  do  in  a  given  time,  is  one  of  the  fundamental  causes  of  the 
present  labor  troubles. 

Not  that    I    think   a   workman    should    be   driven    up    to   the 
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capacity  of  his  thews  and  sinews  or  his  brains  to  perform,  but 
merely  that  a  man  in  such  a  capacity  ought  conscientiously  to  do 
all  he  can  reasonably  and  properly  do  in  the  hours  he  is  employed, 
and  exert  himself  in  everyway  to  increase,  rather  than  to  diminish, 
the  product  of  his  labor.  If  workmen  would  adopt  this  principle 
throughout  the  country  for  one  year,  every  man  honorably  striv- 
ing to  outdo  his  fellow,  and  employers  would,  during  the  same 
time,  reward  in  shape  of  higher  pay  to  the  most  skillful  and 
energetic  and  industrious  men,  as  measured  by  the  quality  and 
quantity  of  the  product,  and  advertise  to  the  men  freely  that  this 
course  would  be  followed,  I  believe  that  greater  good  would  come 
to  both  sides  tlran  can  be  gained  by  a  century  of  trades-unions  on 
one  side  and  manufacturers'  combinations  on  the  other.  I  quote 
from  a  recent  daily  paper  that  "  the  best  kind  of  a  labor  union 
exists  in  the  man  who  combines  in  himself  pluck,  economy,  fore- 
sight, and  common  sense;"  and  there  might  be  added  energy  and 
industry. 

"  Our  present  labor  troubles  largely  come,"  says  Mr.  Partridge, 
"from  the  introduction  of  Old-World  ideas  and  Old-World  meth- 
ods." There  is  one  Old-World  method,  however,  which  is  not 
adopted,  to  any  extent,  by  American  workmen  ;  and  that  is,  that 
it  is  incumbent  upon  a  workman  of  any  kind  to  do  something 
more  than  the  least  possible  in  working  hours.  It  is  notorious 
that  imported  artisans  or  laborers  are  a  great  d«al  more  productive 
than  Americans  when  they  first  find  employment  in  this  country; 
but,  unfortunately,  it  is  equally  true  that  after  they  have  become 
Americanized  in  this  particular,  they  outdo  their  exemplars  and 
become  the  most  assiduous  do-nothings  and  agitators  of  how  not 
to  labor. 

The  greatest  want  of  to-day,  as  I  see  it,  in  this  connection,  is 
that  employers  should  counsel  more  with  their  employees,  and  to 
the  effect  of  letting  every  man  understand  that  energy,  industry, 
and  skill — in  other  words,  productiveness — will  meet  its  reward  in 
increased  wages  and  permanence  of  employment,  and  that  the 
reverse  of  this  will  be  similarly  dealt  with.  If  this  state  of 
things  be  once  fully  appreciated  by  workmen,  and  as  thoroughly 
carried  out  by  the  employers,  the  days  of  trades-unions  and  similar 
organizations  as  now  conducted  and  the  antagonisms  they  engender 
would  be  numbered  ;  and  generally  the  employer  who  paid  the 
highest  wages  would  be  he  who  got  his  product  the  cheapest.  So 
that  I  most  emphatically  believe  in  "capital's  need  for  high-priced 
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labor"  as  the  most  effective  method  of  cheapening  its  product.  It 
is  one  of  the  most  singularly  perverse  attributes  of  the  wage-earner 
that  lie  does  not  realize  the  force  of  this  and  what  it  means  to 
him,  as  compared  with  the  work  of  trades-unions  and  the  like, 
attempting  to  force  employers  to  pay  more  for  a  given  amount  of 
product.  If  they  would  organize  for  the  purpose  of  instructing 
one  another  how  to  become  the  most  productive  and  how  to 
command  the  highest  rates  of  pa}1-,  instead  of  getting  the  most  pay 
for  the  least  product,  there  would  be  a  measure  of  good  for  them 
in  such  organizations  incomparable  with  their  present  objects  and 
methods. 

I  call  to  mind  a  typical  instance,  although,  perhaps,  an  exagge- 
rated one,  which  illustrates  very  well  this  conviction,  on  the  part 
of  the  average  workmen,  that  they  are  morally  obliged,  in  justice 
to  themselves,  to  produce  the  least  possible  in  a  given  time  when 
working  by  the  hour  or  day.  In  a  certain  machinery  establish- 
ment in  New  York  city,  there  was  required  to  be  made  and 
finished,  as  a  part  of  the  regular  product,  a  large  quantity  of  a 
certain  small  .part  of  a  printing-machine,  which  was  common  to 
nearly  all  kinds  and  varieties  of  these  machines.  The  time  was 
when  two  men  were  found  necessary  to  be  constantly  employed 
upon  finishing  these  articles  in  sufficient  quantity;  and,  as  the 
business  increased,  a  third  man  became  necessary.  The  proprietors 
had,  for  a  considerable  time,  been  convinced  that  they  were  cost- 
ing too  high  in  wages;  and,  being  of  that  particular  range  of 
character  which  permitted  of  great  skill  being  acquired  by  long 
practice  on  the  part  of  the  men,  and  feeling  that  the  product  of 
these  men  ought  to  be  largely  increased  in  this  way,  concluded  the 
trying  of  making  them  upon  the  piece-work  pian,  employing  the 
same  skilled  men  to  do  the  work,  and  to  which  they  readily  assented. 
The  result  was  that,  after  the  first  week,  two  men  were  found  to 
be  easily  equal  to  the  demand,  and  soon  thereafter  one  man  made 
too  many,  although  the  demand  was  constantly  increasing ;  and, 
in  point  of  fact,  increasing  numbers  were  made.  After  about  six 
months,  this  one  man  asked  for  some  other  work  by  the  piece  with 
which  to  fill  in  his  time;  and  all  without  any  attempt  on  the  part 
of  the  employer-  to  introduce  labor-saving  methods  or  appliances, 
but  considerably  due  to  devices  of  the  man  himself,  which  enabled 
him  to  produce  more,  and  which,  added  to  his  increased-assiduity, 
brought  about  the  above  result.  Of  course,  every  reduction  in 
the  number  of  men  employed  upon  this  work  was  attended  with 
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a  commensurate  reduction  in  the  price  of  the  piece-work,  which 
was  at  first  based  upon  the  need  of  three  men  to  produce  the 
sufficient  quantity,  and  was  a  clear  saving  to  the  employer.  The 
man  ultimately  reserved  to  make  them  by  the  piece  received  from 
fifty  to  seventy-five  per  cent,  more  pay  than  when  working,  or 
rather  idling,  by  the  day.  The  employer  in  him  had  high-priced 
labor,  and  both  were  benefited  by  the  simple  fact  that  the  work- 
man performed  what  he  was  capable  of  doing  easily,  and  used  his 
brains  to  perfect  and  improve  his  methods.  Yes,  one  of  capital's 
greatest  needs  is  high-priced  labor ;  and  to  this  end  the  employer's 
next  greatest  need  is  systematic  and  comprehensive  effort  on  his 
part  to  create  it  by  encouraging  and  instructing  workmen  and 
laborers  how  to  become  higher-priced  men  than  they  now  are. 

As  another  very  recent  instance  of  the  workman's  purblind 
determination  to  be  less  productive,  and  therefore  a  lower  priced 
laborer,  than  he  might  be  if  he  would ;  and  what  will  be  quickly 
recognized  as  quite  a  typical  one  by  any  one  familiar  with  the 
interior  working  of  a  machine-shop,  I  quote  from  the  New  York 
Tribune  of  November  29th  last:  "Elmira,  November  28. — For 
some  time  trouble  has  been  brewing  between  the  employees  and 
the  proprietor  of  Payne's  machine  and  molding  shops,  one  of  the 
largest  concerns  of  the  kind  in  the  city.  The  Paynes  have  deter- 
mined to  run  their  shops  to  suit  themselves,  and  although  the 
principal  number  of  their  employees  have  been  Knights  of  Labor, 
yet  a  number  of  non-union  men  have  been  employed.  The 
machinists  say  that  about  a  year  ago  they  were  asked  each  to  run 
two  lathes  instead  of  one  for  the  same  pay  as  for  running  one,  that 
the  best  of  them  left  the  shops,  and  that  the  order  proved  a  failure. 
Yesterday  a  machinist  was  asked  to  run  two  lathes,  but  refused. 
David  Payne  became  angry,  and  believing  that  the  Knights  of 
Labor  were  fomenting  trouble,  discharged  the  entire  force  in  the 
department." 

To  enter  into  any  argument  here  as  to  the  effect  upon  the  labor- 
ing man.  of  the  employment  of  labor-saving  machinery,  would  be 
out  of  place  ;  every  one  who  has  given  this  subject  any  considerable 
thought  is  agreed  as  to  that.  But  here  we  have  men  employed 
by  the  hour  or  day  to  operate  labor-saving  machines  in  a  way  to 
permit  of  their  saving  the  labor  they  were  designed  to  do.  They 
deliberately  undertake  to  insure  that  these  machines  shall  produce 
the  least  they  are  capable  of  keeping  them  down  to,  insisting  that 
the  employer  shall   pay  double  (or  nearly  so)  for  the  product  for 
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their  machines  that  which  he  should  pay  if  the  workmen  would 
intelligently  and  willingly  apply  themselves  to  making  them  pro- 
duce the  most  that  could  be  gotten  from  them.  They  refuse  to 
see  that  if  they  each  willingly  attended  to  the  running  of  two  or 
three  or  ten  of  these  lathes — if  within  their  reasonable  powers 
to  accomplish  the  task — they  would  so  far  be  increasing  their 
value  to  their  employer  as  to  make  it  to  his  interest  to  pay  them 
higher  wages ;  and  to  intensify  their  obtuseness,  they  also  play  the 
dog  in  the  manger  ;  refusing  to  allow  others  to  gain  what  they 
reject. 

To  be  sure,  the  above-quoted  report  says  that  "the  men  were 
asked  to  run  two  lathes  instead  of  one  for  the  same  pay  as  for 
running  one;"  but,  while  the  undeniably  correct  principle  is,  that 
every  man  who  could  as  well  run  two  lathes  as  one,  when  paid  by 
the  day  or  hour,  should  consider  it  his  bounden  duty  to  run  the 
two  without  any  consideration  as  to  the  amount  of  pay  he  should 
receive;  who  can  doubt  but  that  the  employers  in  question  would 
be  vastly  more  likely  to  increase  the  wages  of  a  man  who  carefully 
ran  the  two  lathes  than  if  he  mulishly  insisted  upon  sitting  or 
standing  idly  by  his  one  lathe  when  he  might,  without  any  de- 
privation to  himself,  nearly  double  the  product  of  his  labor?  Of 
all  the  antagonisms  between  capital  and  labor,  I  believe  the  great- 
est to  be  that  labor  strives  to  give  the  least  equivalent  for  the 
wages  it  receives,  while  capital  as  persistently,  perhaps,  operates  to 
keep  the  wages  of  labor  at  a  minimum ;  the  employer-  being  as 
blind  to  the  fact  that  by  encouraging  his  labor  to  become  high 
priced  he  puts  dollars  in  his  pocket,  as  the  laborer  is  oblivious  to 
his  own  interests  by  refusing  to  earn  all  that  he  is  capable  of. 

Mr.  Wm.  Kent. — We  should  be  obliged  to  Mr.  Partridge  for 
having  brought  this  question  up,  and  I  wish  to  comment  on  the 
fact  that  possibly  this  Society  is  about  as  well  qualified  to  discuss 
this  labor  question,  in  its  various  phases,  as  any  body  of  men  in 
this  country.  The  labor  question  has  been  gradually  developed  by 
newspaper  articles  and  magazine  articles,  in  which  one  man  writes 
what  he  has  to  say  at  one  time,  and  at  another  time  another  man 
writes  something  else,  and  the  country  reads  it.  But  when  we 
meet,  as  we  do  to-night,  each  man  rubs  his  ideas  against  another's, 
and  probably  better  results  are  reached  than  by  reading  stray 
articles.  I  think  more  is  to  be  gained  in  the  knowledge  of  this 
subject  by  having  a  discussion,  such  as  we  are  likely  to  have  to- 
night, than  in  any  other  way. 
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The  American  capitalist  and  employer  has  to  employ  high-priced 
labor  because  he  can  get  nothing  else.  He  employs  inventors,  who 
invent  machines  which  take  the  place  of  the  high-priced  skilled 
labor.  He  pays  enormous  wages  sometimes  for  such  inventors — 
ten  thousand  dollars  a  year,  perhaps,  or  more  ;  which  enables  him 
to  dispense  with  a  large  amount  of  highly -paid  labor,  and  so  to 
reduce  the  labor  cost.  After  the  works  are  fully  established,  and 
the  plant  has  become  a  commercial  success,  the  question  arises, 
what  shall  we  do  to  obtain  a  foreign  market  ?  If  the  company  is 
rich  enough,  it  goes  over  to  England,  or  to  Scotland,  and  duplicates 
its  American  factory  there,  and  turns  out  its  machines  much  more 
cheaply  there.  The  Yale  &  Towne  Lock  Company,  I  have  no 
doubt,  could  to-day  duplicate  their  plant  in  England,  and  turn  out 
locks  cheaper  than  they  can  in  America.  By  taking  over  to  Eng- 
land the  machines  with  which  they  make  locks,  and  operating 
them  there  with  lower  priced  labor,  they  could  make  locks  cheaper. 

lam  in  full  sympathy  with  the  apparent  object  of  Mr.  Partridge's 
paper.  It  is  certainly  commendable  from  the  stand-point  of  the 
philanthropist,  and  many  of  its  statements  are  consistent  with 
sound  political  economy.  That  "  the  workman  who  earns  large 
wages  is  valuable  to  his  employer,  because  he  returns  a  large 
product  for  a  given  outlay,"  is  true  in  a  great  number  of  instances, 
and  the  cost  of  production  in  many  industries  might  be  reduced  if 
this  truth  were  more  generally  appreciated.  Capital  is  undoubtedly 
in  need  of  high-priced  labor.  The  market  is  always  overstocked 
with  low-priced  labor.  In  mechanical  pursuits,  for  instance,  there 
is  rarely  any  difficulty  in  getting  workmen  at  from  two  to  three 
dollars  per  day,  who  may  or  may  not  be  worth  what  they  ask,  but 
a  five-dollar-a-day  man,  who  earns  his  wages,  is  harder  to  find,  and 
a  ten-dollar-a-day  man  is  always  scarce. 

Agreeing  thus  far  with  Mr.  Partridge,  I  regret  that  much  of  his 
argument  assumes  a  rather  paradoxical  form,  and  that  his  fancy 
for  a  paradox  leads  him  to  make  assertions  which,  if  true  at  all,  are 
true  only  to  a  limited  extent,  or  in  a  limited  number  of  special 
instances,  and  not  generally. 

He  states  broadly  that  it  is  a  wrong  theory  that  "  the  less  the 
price  paid  for  labor,  the  less  will  the  product  cost,"  and  that  the 
correct  theory  is  that  "  high-priced  labor  makes  a  cheap  product." 
It  is  difficult  to  frame  any  argument  to  meet  this  style  of  assertion, 
almost  as  much  as  it  would  be  to  combat  the  statement  of  a  learned 
mathematician,  that  it  is  a  wrong  theory  that  two  and  two  make 
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four,  and  the  correct  theory  is  that  two  and  two  make  five.  The 
problem  is  simply  one  of  arithmetic.  The  cost  of  a  manufactured 
product  is  made  up  of  rent,  including  royalty,  interest  on  capital, 
wear  and  depreciation  of  plant,  insurance,  taxes,  and  the  wages  of 
labor,  including  the  labor  of  superintendence.  Thus  the  cost  of  a 
steel  rail  is  made  up  of  the  royalty  on  the  ore,  the  coal  and  the 
other  raw  materials,  as  they  are  found  in  the  earth,  or  the  interest 
and  depreciation  of  value  of  the  land  which  contains  them,  the 
wear  and  tear,  depreciation,  insurance,  and  taxes  on  all  the  plant 
involved  in  the  manufacture,  including  the  mining,  the  transpor- 
tation, and  the  manufacturing  plant  proper,  and  the  labor  of  min- 
ing, transporting,  and  manufacturing.  This  labor  costs  by  far  the 
largest  percentage  of  all  the  items  of  cost.  It  is  a  simple  matter 
of  arithmetic,  then,  that  if  the  cost  of  labor  is  diminished,  the  total 
cost  is  diminished. 

"The  manufacturer,  when  he  wishes  to  lessen  the  cost  of  goods, 
first  considers  the  question  of  a  reduction  of  wages."  If  this 
means  the  daily  wages  of  the  individual  employee,  it  is  very  far 
from  true  in  this,  year  1886.  It  may  have  been  true  in  former 
years,  but  this  year,  when  every  manufacturer  is  endeavoring  to 
reduce  the  cost  of  his  product,  a  reduction  in  daily  wages  is  about 
the  last  thing  he  thinks  of,  for  such  reduction,  in  the  face  of  strikes 
of  all  sorts  for  advance  in  wages,  for  reduction  of  hours,  and  for 
control  by  the  employees  of  the  workshops,  is  a  practical  impossi- 
bility. He  is  glad  if  he  can  consider  the  rate  of  daily  wages  a  fixed 
quantity,  and  his  effort  to  reduce  cost  takes  far  different  forms. 
He  so  organizes  his  factory  that  the  high-priced  man  is  kept  on 
work  requiring  intelligence,  that  the  average  man  is  kept  on 
average  work,  and  that  the  machines  which  such  average  man  tends 
are  kept  in  good  running  order  and  speeded  up  to  their  maximum 
capacity  ;  that  machines  which  merely  require  feeding,  and  but 
little  or  no  skill,  are  manned  by  low-priced  workmen  or  by  boys; 
that  whenever  possible,  the  low-priced  workmen  and  the  boys  are 
both  displaced  by  the  substitution  of  machines  which  feed  them- 
selves. Mr.  Partridge  mentions  a  case,  of  the  press  for  making 
articles  from  sheet  metal,  requiring  high-priced  labor  to  feed  it.  I 
noticed  a  similar  machine  recently  fed  by  a  cheap,  small  boy,  who 
was  not  very  skillful,  and  commented  on  the  high  labor  cost  of  the 
articles  produced.  A  few  days  later  I  saw  the  same  machine  fitted 
with  an  automatic  feed,  and  the  same  boy,  at  the  same  wages,  turn- 
ing out  about  five  times  as  many  of  the  articles  in  the  same  time. 
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Here  it  was  good  economy  to  employ  a  cheap  boy  rather  than  a 
high-priced  man  to  feed  the  machine,  but  it  was  still  better  to  make 
the  machine  feed  itself.  Mr.  Partridge  mentions  the  sewing- 
machine.  If  he  would'  investigate  the  question  of  its  manufac- 
ture a  little  closer,  he  would  find  that,  while  it  is  true  that  its  cheap 
production  has  been  rendered  possible  only  by  the  employment  of 
high-priced  labor  to  design  and  perfect  the  machinery  necessary 
for  its  manufacture,  its  cheap  production  now  depends  upon  the 
operation  of  that  machinery  by  low-priced  labor.  The  most  diffi- 
cult operations,  apparently,  are  those  which  are  done  by  automatic 
machines,  in  which  the  machine  tender  only  inserts  the  blanks  and 
removes  the  finished  pieces.  In  many  instances,  as  in  making  the 
screws,  a  coil  of  wire  enters  at  one  end  of  a  machine,  and  the 
finished  screws  come  out  at  the  other,  without  any  hand  labor  at  all. 
Further,  the  time  was  when  the  Singer  Manufacturing  Company  ex- 
ported sewing-machines  from  America  to  all  parts  of  the  world  ;  a 
grand  instance  of  America  distancing  the  world  in  cheapness  of 
production  ;  but  now  the  same  company  has  a  factory  near  Glasgow, 
Scotland,  much  larger  than  the  American,  wfrich  can  turn  out 
sewing-machines  more  cheaply  than  the  American  factory  can, 
simply  because  labor  is  cheaper  there  than  here.  It  has  another 
factory  in  Vienna,  which  makes  machines  still  more  cheaply,  be- 
cause labor  is  cheaper  in  Austria  than  in  Scotland.  Westinghouse, 
Armington  and  Sims,  and  Corliss  engines;  "Westinghouse  air- 
brakes; Worthington  and  Blake  pumps;  Babcock  and  Wilcox  and 
Root  boilers,  all  of  which  originated  in  America,  are  now  made 
cheaper  in  England  than  they  can  be  made  here — all  because 
labor  there  is  cheaper.  America  has  the  best  blast-  furnaces  and 
the  best  iron  and  steel  works  in  the  world,  yet  it  never  has  been 
able  to  make  iron  and  steel  as  cheaply  as  England,  because  labor 
is  cheaper  in  England.  In  the  same  way,  England  has  better  iron 
and  steel  works  than  Belgium,  yet  Belgium  frequently  under- 
bids England  in  English  markets,  and  only  because  Belgian  labor 
is  cheaper.  In  18S2,  the  lowest  price  paid  to  unskilled  labor,  re- 
cently imported  Poles  and  Bohemians,  in  the  iron  works  of  Pitts- 
burg was  $1.25  per  day.  The  lowest  class  in  a  Scotch  steel  works, 
a  more  intelligent  set  by  far  than  those  Poles  and  Bohemians, 
earned  only  62  cents  per  day.  In  a  Belgium  iron  works,  a  similar 
class,  apparently  fully  equal  if  not  superior  to  the  Scotch,  only  got 
thirty  cents  a  day,  and  the  same  price  was  paid  to  women  in  the 
same  works,  who  were  engaged  in  the  work  of  wheeling  coal,  iron, 
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ashes,  etc.,  work  which  in  a  good  English  or  American  works 
would  he  done  hy  a  locomotive.  According  to  Mr.  Partridge's 
theory,  the  cost  of  iron  would  be  lowest  in  America,  and  highest  in 
Belgium,  but  the  facts  were  exactly  the  reverse. 

Mr.  Partridge. — As  I  have  to  leave  shortly,  I  will  ask  the  chair- 
man to  allow  me  to  say  a  word  or  two,  which  I  might  claim  to  say 
later,  chiefly  in  reply  to  Mr.  Kent,  who  is,  I  believe,  according  to 
the  law  of  "foreordination"  or  "predestination"  on  the  other  side 
of  any  ordinary  question.  (Laughter  and  applause.)  How- 
ever, friend  Kent  is  on  the  right  side  this  time.  Perhaps  I  am  a 
little  to  blame  for  not  making  it  a  little  more  clear,  that  "  cheap" 
and  "high-priced,"  as  I  have  used  them,  should  not  mean  the 
amount  of  money,  but  relatively  how  much  you  get  forj-our  value. 
Friend  Kent's  figures  all  fit  my  paper,  and  1  would  have  been  very 
glad  to  have  had  them  while  writing  it.  The  chief  question  is  not 
whether  you  pay  $2.50  or  $5  for  what  you  buy,  but  the  per- 
centage of  value  received  for  the  outlay.  If  83  worth  of  value 
is  obtained  for  $2.50,  or  37  for  an  expenditure  of  S5,  the 
purchase  is  cheap.  A  twenty-five  cent  article  is  high  if  its  value 
is  but  six  cents.  It  is  the  percentage  of  value  received.  Some 
low-priced  labor  returns  more  money  than  the  high-priced ;  that 
is,  the  large  wages  return  less  than  the  low.  Usually  the  reverse 
is  true — that  the  large  wages  return  many  times  as  much  value 
to  the  shops  as  the  low  wages.  This  statement  will  meet  all  the 
figures  and  all  the  cases  which  Mr.  Kent  mentions.     (Applause.) 

Mr.  G.  L.  Fowler. — I  had  recently  an  opportunity  of  inquiring 
into  and  examining  a  system  which  is  employed  by  one  of  the  largest 
railroad  companies  in  this  country,  in  the  treatment  of  their  em- 
ployees in  their  large  shops.  They  do  everything  by  the  piece- 
work system — I  mean  everything,  from  the  work  of  a  day  laborer 
to  that  of  the  most  skillful  machinist.  All  of  the  work  about  the 
shop,  in  taking  in  wheels  from  the  platforms  on  the  outside,  carry- 
ing them  to  the  lathes,  the  unloading  of  cinders,  the  carrying  of 
boiler  tubes  from  the  boiler  shop  out  into  the  yard,  the  handling 
of  scrap  iron — everything  of  that  kind  is  done  by  piece-work. 
There  is  so  much  paid  for  handling  a  driving  wheel,  say,  from  the 
lathe  out  into  the  yard  where  it  is  kept.  This  work  is  done  by 
gangs;  gangs  of  from  seven  to  nine  work  under  the  charge  of  a 
foreman,  who  works  with  them,  and  the  amount  of  work  which  is 
done  by  a  gang  is  divided  up  among  them  at  the  end  of  the  week, 
and  the  result  is,  that  they  will  not  allow  any  one  in  among  their 
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number  who  loafs  and  is  not  willing  to  work  as  hard  as  he  can  all 
the  time.  I  remember  seems;  a  case  of  this  kind  as  I  was  o-oinjr 
through  the  shop.  A  gang  of  men  were  loading  car  wheels.  There 
was  a  man  in  the  gang  who  was  an  extra  hand.  There  was  no 
place  for  him  to  work  with  the  rest,  and  he  was  on  a  car-load  of 
cinders  unloading  that.  The  very  moment  the  men  had  finished 
with  the  wheels  all  of  them  were  up  on  the  car-load  of  cinders  with 
that  extra  hand  and  at  work.  It  is  just  so  with  the  machin- 
ists. They  have  a  system  of  piece-work  for  every  individual  thing 
which  can  be  done  about  a  locomotive  or  a  car.  That  is  all  scheduled 
off  and  the  men  know  exactly  what  they  are  to  receive  for  it.  Of 
course,  when  yon  take  the  work  of  repairing  a  locomotive,  the 
schedule  must  be  very  long.  My  recollection  is  that  it  covers 
about  fifty  pages  of  foolscap  written  on  a  type- writer.  The  pay  of 
the  day  laborers  run  on  an  average  from  $1. 65  to  $1.75  a  day. 
Machinists  are  about  $3.50  a  day.  The  superintendent  of  the 
shops,  who  was  showing  me  the  record,  said  that  he  had  a  very 
amusing  incident  occur  some  time  before.  There  were  two  men 
who  before  the  piece-work  system  was  introduced  made  $2.40  a  day 
apiece.  After  the  piece-work  came  in,  one  of  them  ran  his  wages 
up  to  $3.50  and  the  other  dropped  back  to  $1.75.  The  $1.75  man 
came  around  and  said  he  thought  his  piece-work  should  be  allowed 
a  little  more  ;  that  it  was  an  imposition  to  make,  a  man  work  for 
$1.75.  He  said,  "Here  is  this  other  man  making  $3.50."  The 
superintendent  said,  "That  doesn't  make  any  difference  ;  it  is  none 
of  my  business ;  you  want  to  go  to  God  about  that  matter ;  he  is  the 
person  for  you  to  go  to.  He  didn't  make  you  quite  as  sharp  as  that 
fellow.  You  manage  the  matter  with  him."  And  the  man  looked 
at  him  but  didn't  say  anything.  The  superintendent  went  on,  "  It 
is  just  the  same  as  it  is  with  me.  I  have  to  go  to  the  same  au- 
thority. I  cannot  get  the  same  fees  for  doing  my  work  that  some 
of  the  big  lawyers  in  New  York  get.  I  ain't  as  smart  as  they  are." 
The  man  said  he  didn't  know  but  what  that  was  so,  and  lie  went  off 
perfectly  contented.     (Laughter.) 

The  result  of  that  case  is,  that  the  men  are  unwilling  to  work  on 
anything  but  piece-work.  Of  course,  in  a  large  railroad  corpora- 
tion there  are  continually  arising  circumstances  where  work  will  be 
coming  in  which  is  outside  of  the  regular  work,  and  is  not  sched- 
uled. A  man  will  look  at  it  and  make  an  estimate  on  it.  and  if 
his  estimate  is  any  way  reasonable,  they  let  him  go  to  work  on  it. 
Xine  times  out  of  ten,  the  men  will   make  a  fair  estimate  on  the 
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work,  and  work  like  beavers  to  get  it  done.  And  it  is  working 
more  than  satisfactorily.  When  the  company  made  their  schedule 
price,  of  course  they  wanted  to  reap  some  advantage  from  piece- 
work as  well  as  the  men,  and  after  long  and  careful  consideration 
of  the  subject,  I  think  they  cut  the  rates  down  about  twenty  per 
cent,  below  what  it  Avas  actually  costing  them  by  the  day,  and 
gave  the  men  this  work  to  be  done  at  those  rates.  While  the  men 
worked  to  so  much  better  advantage  that  they  have  run  their 
actual  receipts  up  in  the  way  that  I  have  indicated,  averaging 
about  twenty-five  per  cent,  increase  to  the  men,  there  is  a  saving 
to  the  company  of  about  twenty  per  cent.  That  shows  there  is  a 
saving  on  one  side  and  an  increase  of  wages  received  by  the  men 
on  the  other  si.ie.  Everything  is  working  in  that  way  with  per- 
fect satisfaction  to  both  sides,  and  the  company  think  that  they 
have,  in  that  way,  rather  solved  the  labor  question.     (Applause.) 

Mr.  T.  R.  Almond. — In  connection  with  that  subject,  it  has 
seemed  to  me  that  if  you  give  the  workmen  some  incentive  to  do 
better,  they  will  do  better.  I  had  a  good  illustration  of  that  during 
the  past  year.  I  was  getting  dissatisfied  with  certain  help  and 
suggested  that  they  had  better  seek  employment  elsewhere,  unless 
they  were  willing  to  make  the  goods  at  a  price  which  I  had  made 
two  years  previous.  There  seemed  to  be  no  inclination  whatever 
to  make  them,  and  being  displeased  with  the  help,  I  said:  "Now 
you  must  make  those  goods  at  that  price  or  get  work  elsewhere." 
The  result  is  my  machinery  is  in  better  condition,  more  care  is 
exercised  to  keep  it  in  good  condition,  the  help  get  considerably 
better  pay,  and  during  the  last  nine  months  I  am  certainly  $1,000 
better  off  than  I  was,  because  of  that,  and  that  alone.  I  considered 
very  carefully,  prior  to  this  experiment,  the  cost  of  the  goods,  and 
since  making  the  experiment  I  have  found  that  the  help  are — say 
in  the  case  of  four  men — between  $500  and  $000  better  off  them- 
selves, and  I  myself  am  at  least  $1,000  better  off"  because  of  that 
simple  little  experiment. 

I  was  very  much  pleased  to  read  Mr.  Partridge's  paper,  because 
it  was  in  such  strict  accord  with  my  idea,  and  I  believe  that  if  you 
give  any  employee  some  incentive  to  do  better,  he  will  exercise  his 
brains  sufficiently  to  enable  him  to  do  better. 

Mr.  J.  L.  Wells. — In  the  matter  of  this  labor  question,  there  is 
no  doubt  but  that  the  true  solution  of  it  is  in  some  system  of 
rewards,  or  some  incentive  for  emulation.  Here  in  New  York,  in 
my  business,  the  whole  incentive  to  competency,  or  to  working  a 
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full  day,  is  withdrawn  from  the  men  by  this  trades-unionism.  "We 
are  to  pay  every  man,  big  or  little,  great  or  small,  old  or  youngs 
the  same  rate  of  wages  per  day  and  no  less.  The  incentive  to  a 
man  to  do  more  than  his  neighbor  is  lost,  and  we  do  not  seem  to 
have  any  redress  for  it.  In  the  scheme  of  a  participation  in  the 
profits,  the  hope  engendered  is  not  followed  out  in  the  distribution. 
You  take  a  hundred  men.  .  Perhaps  the  legitimate  profits  for  the 
year  would  be  815.000  or  so,  and  say  you  would  give  them  half  the 
profits;  that  makes  $75  apiece,  and  it  is  rather  disappointing.  I  do 
not  think  that  that  is  the  true  solution,  but  I  think  that  it  is  to  be 
that  general  lines  of  business  shall  be  paid  pro  rata.  Take  the 
mason,  or  brick-laying  business  for  instance.  If  a  combination  of 
master-builders  in  Xew  York  could  agree  to  make  a  rate  of  wages 
for  laying  1,200  brick,  or  1,500  brick  for  a  day's  work,  at  a  rate 
per  day  which  the  business  will  stand,  and  it  could  be  understood 
that  the  man  who  can  lay  only  1,000  brick  would  get  so  much 
less,  and  have  such  rates  established,  then  yon  will  have  an  incen- 
tive for  the  man  who  lays  the  thousand  brick  to  work  so  hard  that 
in  a  short  time  he  will  be  able  to  lay  twelve  hundred  brick,  etc. 
It  seems  to  me  that  that  is  the  true  solution  of  the  business. 

Mr.  Oberlin  Smith. — In  order  to  carry  on  what  has  been  termed 
the  "discussion"  here — though  I  do  not  think  many  of  us  have 
discussed  each  other  much — I  will  say  that  I  believe  all  that  the 
other  fellows  have  said.  AVe  have  certainly  a  remarkable  unanim- 
ity of  opinion  among  us.  There  is  no  question  in  my  mind  but 
that  some  form  of  piece-work  is  the  true  solution  of  the  difficulties 
in  question — that  is,  if  it  can  be  carried  out.  It  is  easy  in  the 
large  railroad  shops,  or  in  a  gun  or  lock  factory,  where  the  product 
is  made  in  large  quantities  in  duplicate,  but  it  is  very  difficult  in 
the  ordinary  machine-shop— ^especially  in  small  ones.  I  have 
found,  in  die-making  (a  class  of  work  with  which  I  have  had  much 
to  do),  great  difficulty  in  introducing  any  kind  of  piece-work,  be- 
cause each  article  was  different  from  anything  that  had  been  made 
before,  or  was  likely  to  be  made  again.  The  men  have  refused  to  bid 
upon  them.  They  have  often  been  urged  to,  but  they  would  not, 
because  they  wTere  afraid  they  would  lose.  Some  improvements 
have  been  made  by  instituting  a  series  of  premiums  to  be  paid 
over  and  above  the  day  wages,  in  proportion  to  the  excess  of  profits 
over  losses  which  have  occurred  in  that  particular  class  of  go 
1  believe  it  should  be  the  study  of  every  machine-shop  owner  so 
to  systematize  his  business  as  to  give  all  possible  piece-work,  or,  in 
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lien  of  it,  to  have  some  arrangements  by  which  the  men  can  have 
a  percentage  of  the  prolits.  A  small  percentage  of  the  profit  on 
each  particular  job  may  be  set  over  to  the  premium  account.  This 
may  apply  to  gang-bosses  and  foremen  as  well  as  to  journeymen. 
In  this  way  their  personal  interest  in  each  job  is  more  direct  and 
apparent  than  where  they  get  a  percentage  upon  yearly  profits. 

J//'.  •/.  -/.  Grant. — We  employ  aboiit  three  hundred  men  in 
Philadelphia,  and  there  are  only  nine  men  in  the  shop  who  are  not 
Knights  of  Labor,  who  are  usually  reckoned  among  the  opponents 
of  the  piece-work  plan.  There  is  not  one  who  objects  to  piece- 
work. They  all  want  it.  They  do  object  to  contract  work  where 
one  man  hires  a  gang  of  other  men ;  but  they  do  want  piece- 
work. 

Mr.  T.  J.  Borden. — One  of  the  large  industries  of  this  country, 
that  of  cotton  manufacturing,  pays  its  employees  chiefly  by  piece- 
work. About  three-fourths  of  all  the  operatives  in  such  establish- 
ments have  been  so  paid  for  at  least  forty  years,  but  there  is  as 
much  controversy  among  them  in  relation  to  the  rate  of  wages  as 
prevails  among  other  classes  of  labor.  Piece-work  leads  to  a  much 
larger  product  per  hand  than  can  be  attained  where  payment  is 
made  by  the  day  or  hour,  and  in  that  respect  is  decidedly  benefi- 
cial. In  lines  of  manufacturing  or  mechanical  work,  in  which 
large  numbers  are  engaged  and  the  nature  of  the  operations  varies 
but  little  from  year  to  year,  competition  gradually  brings  the  rate 
of  wages  to  a  minimum,  and  under  those  conditions  there  is  nearly 
as  much  friction  in  the  adjustment  of  the  rate  of  wages  on  piece- 
work as  on  day  labor. 

In  new  enterprises,  or  where  so  few  are  engaged  in  any  one 
branch  as  to  be  comparatively  free  from  keen  competition,  the 
wage  question  can  be  handled  with  much  less  friction  by  piece- 
work than  by  day  labor. 

As  large  a  proportion  of  the  operatives  employed  on  piece-wovk, 
even  those  receiving  the  highest  wages  under  that  system,  are 
members  of  the  Knights  of  Labor  and  kindred  organizations,  as 
are  found  among  day  laborers. 

Piece-work  is  not  by  any  means  a  cure-all  for  labor  troubles, 
but  only  a  slight  alleviation  of  the  difficulty.  Controversies  on 
this  subject  will  exist  so  long  as  there  are  two  sides  to  the  question 
dependent  upon  frail  human  nature  to  decide  between  them. 

Mr.  Henry  i?.  Towne. — The  intense  present  interest  of  this 
question  is  shown  by  the  discussion  which  we  have  had.  We  have 
19 
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simply  opened  too  large  a  volume  for  us  to  get  through  with  in 
this  session.  It  is  the  question  of  to-day,  hut  it  is  going  to  he  still 
more  the  question  of  to-morrow.  It  is  the  great  question.  But 
we  are  not  going  to  see  this  question  treated  and  settled  as  was  the 
one  Mr.  Partridge  referred  to,  which  was  settled  one  hundred  years 
ago.  We  are  upon  the  eve  of  a  revolution,  in  my  opinion,  but  I 
believe  that  it  will  be  a  peaceful  one,  and  that  it  will  be  settled 
without  the  world  having  to  pay  so  dear  a  price  for  it  as  for  the 
one  accomplished  a  hundred  years  ago. 

There  has  been  so  much  time  taken  up  by  this  discussion  that  I 
will  not  now  say  what  I  would  like  to,  but  I  will  refer  to  one  or 
two  points  which,  while  germane  to  the  question  as  originally  pro- 
posed, are  also  quite  within  what  is  covered  by  the  range  of  discus- 
sion since.  And  in  the  iirst  place,  I  want  to  refer  to  a  little  book  I 
have  recently  read  which  will  interest  any  one  who  considers  this 
question  at  all.  The  title  of  the  book  is  Profit-Sharing,  by 
Sedley  Taylor  [London,  1SS4].  The  book  is  a  small  one,  of  per- 
haps a  hundred  short  pages,  giving  a  resume  of  the  experiments  in 
profit-sharing  in  England,  but  chiefly  in  France,  where  the  plan 
has  been  tested  longer  and  better  than  anywhere  else.  The  French 
system  consists  of  a  plan  by  which  the  entire  corps  of  any  estab- 
lishment, from  the  head  to  the  youngest  boy,  has  an  interest  in  the 
profits  of  the  business,  that  interest  being  divided  at  the  end  of  the 
year  in  the  shape  of  a  percentage  on  the  earnings  of  each  individ- 
ual during  the  year.  In  this  way  the  relative  values  of  the  services 
of  different  men  are  left  entirely  undisturbed.  They  may  work 
by  the  day  or  by  the  piece,  but  each  receives  a  percentage  upon  his 
earnings  representing  his  interest  in  the  profits  of  the  business. 
In  no  other  way  can  you  so  completely  identify  the  workman  with 
the  proprietor,  and  interest  him,  not  merely  in  the  product  of  his 
own  work,  but  in  the  product  of  his  fellows  around  him  and  in  the 
entire  economy  of  the  place,  the  economy  of  material,  and  in  every- 
thing which  tends  to  reduce  cost.  This,  it  seems  to  me,  is  the 
ultimate  and  final  solution  of  this  question.  But  while  we  are 
endeavoring  to  reach  some  such  final  solution,  there  are  many  inter- 
mediate steps  which  can  be  taken  slowly,  one  at  a  time,  all  tending 
to  improve  the  condition  of  things.  Obviously,  piece-work  is  the 
first  and  most  important,  and  it  is  consistent  with  "profit-sharing;" 
one  can  exist  within  the  other.  There  is  a  broad  distinction,  how- 
ever, between  piece-work  and  contract  work.  Many  kinds  of 
business  do  not  admit  entirely  of  the  application  of  piece-work,  in 
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which  each  man  works  for  himself,  but  necessitate  the  introduction 
of  a  system  where  one  man  works  for  himself  and  has  two  or  three 
or  twenty  more  working  with  him  as  assistants,  but  being  paid  by  the 
day.  The  piece-work  system,  if  possible,  should  be  applied  through- 
out, simply  for  the  obvious  reason  that  it  makes  every  man  interested 
directly  in  his  work. 

A  good  many  years  ago,  in  organizing  a  piece-work  system,  which 
has  since  become  somewhat  large,  it  occurred  to  me  that  an  improve- 
ment could  be  obtained  by  adopting  a  specific  time,  a  definite  period 
during  which  piece  rates  should  hold.  Prior  to  that  it  had  been 
the  practice  to  reduce  piece  rates  whenever  the  earnings  of  the  piece 
and  contract  hands  seemed  to  be  larger  than  reasonable.  The  men 
appreciated  that  fact  and  they  knew  perfectly  well  that  when  their 
earnings  reached  a  certain  point  they  would  probably  be  cut  down 
in  their  piece  rates.  The  result  was  a  tendency,  and  a  very  strong 
one,  to  keep  the  men  from  pushing  their  work  beyond  a  certain 
limit.  On  the  first  of  a  certain  January,  a  good  many  years  ago,  I 
had  it  announced  to  the  piece  and  contract  men  that  the  rates  then 
adopted,  which  constituted  a  revision  of  those  previously  in  force, 
would  hold  for  twelve  months,  and  that  during  that  interval  what- 
ever earnings  the  men  made  would  belong  to  them.  At  the  end 
of  that  twelve  months  we  made  the  heaviest  reduction  in  piece  rates 
we  had  ever  made,  simply  for  the  reason  that  the  men,  knowing 
that  they  would  keep  all  that  they  got  in  the  mean  time,  went  in 
with  a  will  and  did  the  best  they  could,  not  only  in  the  amount  of 
energy  put  into  their  work,  but  the  best  also  in  the  way  of  im- 
proving their  appliances  and  methods  of  doing  work.  That  system 
has  now  been  in  continuous  operation  for  some  fifteen  years  or  more 
with  the  most  unqualified  satisfaction,  and  as  jobs  become  old  and 
the  cost  of  work  pretty  definitely  known,  the  period  during  which 
piece  rates  hold  has  been  increased  in  many  cases  to  two  years  and 
sometimes  to  three  years.  It  seems  as  though  there  was  no  end  to 
the  possible  reduction  in  the  cost  of  work  where  machine  processes 
come  in.  Where  the  work  is  purely  manual,  there  is  a  limit". 
Again,  where  new  work  is  to  be  started  by  piece  or  contract  and 
you  have  no  accurate  data  to  go  on,  and  where  you  have  to  recog- 
nize the  timidity  of  workmen  in  incurring  risks  (indeed,  they  have 
not  the  means,  they  have  not  the  right,  many  of  them,  to  incur  the 
risk  of  losing  money  or  of  earning  much  less  than  their  average), 
that  trouble  can  be  met  by  fixing  limitations.  I  have  pursued  that 
course  in  many  cases  and  with  very  good  results.     The  method  is 
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simply  to  say  that  the  rate  adopted  is  assumed  to  be  the  fair  rate 
for  a  particular  job.  If  at  the  end  of  the  period  for  which  the  rate 
is  fixed,  the  workman's  earnings  are  less  than  the  minimum  named 
at  the  commencement,  the  difference  will  be  made  up  to  him,  that 
difference  being  usually  the  amount  required  to  make  good  his 
regular  day  pay  for  the  term.  On  the  other  hand,  if  his  earnings 
exceed  a  certain  maximum,  which  should  be  much  larger  than  the 
minimum,  the  excess  beyond  that  should  belong  to  the  employer. 
The  maximum  and  minimum  may  be  put  at  any  reasonable  distance 
apart,  but  they  fix  a  limit ;  they  guarantee  the  workman  against 
loss,  and  they  guard  the  employer  against  the  occurrence  of  a  blun- 
der by  which  he  would  pay  an  extravagant  price  for  the  work.  In 
almost  any  kind  of  productive  work  a  great  portion  of  it  can  be 
done  by  piece-work  or  by  contract,  and  one  element  of  the  "  conflict " 
between  capital  and  labor  be  thus  far  settled,  for  the  present  at 
least.  But  I  do  not  regard  this  system  as  a  final  one,  for  I  believe 
that  before  long  we  are  going  to  see  the  principal  of  profit-sharing 
introduced  very  much  more  generally  than  has  yet  been  done. 

Mr.  Partridge's  proposition  is  abstractly  true,  as  Mr.  Kent  has 
explained.  High-priced  labor,  if  you  get  value  for  it,  is  the  cheap- 
est in  the  end,  for  many  and  obvious  reasons. 

I  dissent,  however,  to  the  statement  that  has  been  made  by  Mr. 
Hawkins  that  it  is  the  disposition  of  workmen  to  do  as  little  as  they  can. 
I  know  that  this  is  true  of  some, — that  it,  is  true,  of  men  low  down  in 
the  scale  as  mechanics.  But  that  it  is  true  of,  or  generally  applicable 
to,  the  American  mechanic  I  emphatically  deny.  He  is  an  honest 
man;  he  means  to  do  what  is  right;  and  in  my  experience  I  have 
found  that,  in  the  long  run,  he  does  fairly  what  is  right.  He  will 
do  more,  however,  when  he  feels  that  he  is  working  for  himself 
and  not  for  an  employer  who  pays  for  his  work  by  the  time. 

Mr.  Fowler. — I  would  like  to  add  one  word.  This  piece-work 
system  is  used  in  all  the  repair  work  upon  the  road  to  which  I  have 
made  reference.  If  a  man  does  any  work  whatever ;  if  he  only 
tightens  up  one  nut  on  a  car  or  locomotive,  he  has  a  scale  for  tight- 
ening up  that  one  nut,  and  is  credited  on  the  pay-roll  for  it. 

Mr.  J.  T.  Hawkins. — Mr.  Towne,  I  think,  misapprehends  the 
tenor  of  my  remarks,  if  he  understands  from  them  that  I  impugn 
the  honesty  of  the  American  workman  or  laborer.  I  by  no  means 
intended  to  convey  that  the  tendency  among  workingmen  of  all 
kinds  to  minimize  the  products  of  their  labor  comes  from  anything 
worse  than  ignorance  on  their  part.     It  is  more  or  less  a  matter  of 
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traditional  feeling  with  them  that  a  gain  to  the  employer  through 
their  efforts  is  a  corresponding  loss  to  them,  and  it  is  this  practically 
unconscious  or  thoughtless  condition  of  mind  on  their  part  which 
I  deprecate,  and  which  I  have  suggested  might  be  replaced  by  more 
logical  action  through  educational  means  in  their  own  organizations, 
looking  to  making  them  the  most  productive,  instead  of,  as  now, 
aiming  to  give  the  employer  the  least  possible  for  his  money. 

My  remarks,  in  this  connection  also,  should  be  taken  in  a  more 
general  sense  than  Mr.  Towne  has  seemed  to  have  understood 
them  ;  but,  while  the  average  American  workman  is  honest  in  his 
intentions  to  do  justice  to  his  employer,  there  are  doubtless  many 
exceptions  which  only  go  to  establish  the  generalization.  There 
are,  and  always  will  be,  dishonest  American  as  well  as  other  work- 
men ;  and  there  are  also  many  who  perfectly  understand  that  it  is 
to  their  own  interest  to  render  the  fullest  equivalent  in  effort 
made  for  compensation  received  ;  but  fortunately  in  the  first,  and 
unfortunately  in  the  last  case,  these  both  are  comparatively  rare,  and 
the  rule  is,  as  stated  in  my  remarks,  that  the  average  wage-earner 
thinks  (and  honestly  so,  perhaps),  that  it  is  his  gain  that  he  pro- 
duces the  least  for  a  given  amount  of  wages  received,  or  in  a  given 
number  of  hours  worked ;  and  any  means  which  can  be  devised 
which  shall  reverse  the  condition  of  his  mind  in  this  respect  will 
be  productive  of  more  good  for  him  than  any  possible  scheme  to 
effect  a  reduction  of  the  employer's  profits;  which  latter  is,  in  al- 
most every  case  of  antagonism  between  capital  and  labor  as  repre- 
sented by  its  organizations,  if  not  the  main  and  direct  object  in  view, 
at  least  the  result  of  the  success  of  the  laborers'  organizations  in 
such  contests. 

Mr.  Towne. — After  noting  Mr.  Hawkins's  comments,  I  must 
.still  express  my  dissent  from  the  views  he  holds  as  to  the  average 
disposition  of  workingmen  in  regard  to  their  obligations  toward 
their  employers.  Admitting,  however,  that  they  hold  such  views, 
the  remedy  for  the  evil  resulting  therefrom  lies  in  the  direction  of 
interesting  them  in  the  results  of  their  labor.  This  end  can  be,  in 
great  part,  accomplished  by  the  piece-work  system,  if  so  arranged 
that  each  man's  earnings  are  controlled  and  affected  by  the  work 
accomplished  by  him  individually.  The  final  and  most  perfect 
solution  of  the  case,  however,  lies  in  the  direction  of  "  profit-shar- 
ing," or  its  equivalent ;  that  is,  a  system  in  which  the  interests  of 
the  employer  and  employee,  not  only  in  the  results  of  labor,  but  in 
the  entire  economy  of  production,  are  harmonized  and  united. 
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In  closing  the  debate,  I  want  to  call  attention  to  the  fact  that 
the  two  discussions  of  to-night  are  practically  in  the  line  approved  by 
the  Society  at  the  meeting  in  Chicago  last  spring,  when  it  was  pro- 
posed that  economic  questions  should  be  introduced,  the  suggestion 
being  at  first  that  they  should  be  taken  up  somewhat  as  a  side- 
issue.  By  practically  unanimous  action  of  that  meeting,  it  was 
decided  that  such  papers  are  as  pertinent  to  our  work  as  any  others, 
and  should  be  treated  in  the  same  manner.  The  two  papers  of  to- 
night both  relate  to  economic  subjects,  and  it  has  been  interesting 
to  see  how  the  Society  considers  their  value  and  interest  to  com- 
pare even  with  those  of  our  usual  and  ordinary  papers. 
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XlVtu  Meeting. 

No.  240.— 27. 

Does  twisting  an  I-shaped  oil-well  sucker-rod  prevent  its  sockets 
from  unscrewing  ?     "Why  ? 

Mr.  William  H.  Jenkins,  Jr. — I  take  it  that  in  the  case  of  a 
spiral  rod  moving  in  the  mass  of  the  fluid  which  is  being  raised,  the 
spiral  rod  would  be  subject  to  the  same  action  as  any  propeller.  If 
forced  bodily  through  the  water,  the  tendency  is  to  rotate  the  pro- 
peller. If  the  propeller  is  rotated,  the  tendency  is  to  force  it  through 
the  water.  On  the  down-stroke  of  the  sucker-rods,  they  pass 
through  a  stationary  column  of  water  or  oil.  This  column  of 
liquid,  acting  in  a.  measure  as  a  nut,  tends  to  rotate  the  rods.  And 
if  the  flat  rods  are  twisted  in  the  proper  direction,  the  action  would 
tighten  the  couplings.  On  first  sight,  it  would  seem  that  on  the 
up-stroke  a  reverse  action  would  take  place  and  the  tendency  be  to 
unscrew  the  couplings.  But  the  same  conditions  do  not  obtain  in 
both  strokes.  On  the  down-stroke  the  column  of  liquid  acts  as  a 
stationary  nut  through  which  the  screw  passes ;  while  on  the  up- 
stroke this  liquid  column  or  nut  is  lifted  bodily  upwards  with  the 
rods.  There  being  no  stationary  nut  for  the  rods  to  pass  through, 
the  tendency  to  rotate  does  not  exist  on  the  up-stroke.  Conse- 
quently, if  the  rods  are  twisted  in  the  proper  direction,  the  action 
is  to  turn  or  rotate  on  the  down-stroke,  and  not  to  rotate  on  the 
up-stroke. 

No.  240.— 28. 

How  can  intricate  templets  be  cut  from  very  thin  metal  ? 

Mr.  Herman  Ludwig. — I  have  had  some  experience  in  this  line. 
We  used  thin  sheets  of  copper  or  brass,  and  coated  them  on  both  sides 
with  a  solution  of  asphalt  in  turpentine.     After  this  was  dry,  we 
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transferred  the  drawing  to  the  asphalt  by  means  of  red  transfer 
paper  ;  then  traced  the  lines  with  a  needle-point  and  had  an  acid 
oath  to  do  the  rest  of  the  work.  In  other  instances  we  coated  only 
those  parts  of  the  metal  which  were  to  form  the  templets,  leaving 
the  spaces  blank  on  one  side,  and  nsed  the  acid  bath  as  before. 

Mr.  Oberlin  Smith. — I  also  have  nsed  the  etching  method  for 
thin  templets,  but  I  find  that  it  is  difficult  to  eat  through,  if  the 
metal  is  of  much  thickness.  Another  method  I  have  used  is  a 
punching  press  with  a  pair  of  shear-blades  set  in  it,  of  which  the 
vertical  section  is  something  like  my  thumb  nail,  both  for  upper 
and  lower — that  is,  the  cutting  edges  are  both  considerably  convex. 
Thus,  when  the  two  come  together,  each  goes  barely  through  the 
metal  for  a  very  short  distance.  In  following  curved  lines,  you  can 
by  this  means  get  through  without  mashing  the  metal,  by  taking  a 
series  of  contiguous  cuts  all  along  the  lines.  A  third  method,  and 
one  which  is  perhaps  the  most  successful,  is  to  use  a  jig-saw.  I 
once  rigged  up  one  of  those  little  toy  jig-saws  with  a  very  fine 
watchmakers  saw-blade,  and  had  perfect  success  in  jigging  out  thin 
brass  plates — just  as  you  would  a  piece  of  board. 

Mr.  P.  A.  Sanguinetti. — I  have  had  occasion  to  cut  templets 
from  thin  metal,  and  have  used  very  much  the  same  process  as  Mr. 
Smith,  with  a  little  alteration.  Instead  of  cutting  directly  on  the 
metal  with  the  jig-saw,  I  placed  it  betweeji  two  pieces  of  poplar 
boards  about  y  thick,  with  the  design  to  be  cut  glued  to  the  upper 
side  of  the  top  board.  By  this  method  I  was  enabled  to  produce 
the  templet  without  any  burr  on  the  under  side,  and  perfectly 
straight.     I  used  sheet  zinc. 

Mr.  Oberlin  Smith. — I  accept  the  amendment ;  it  is  a  very  good 
one. 

No.  240.— 29. 

What  is  the  best  way  to  build  annealing  furnaces  for  small  gray 
iron  castings  ? 

Mr.  J.  M.  Dodge. — I  would  like  to  state  to  the  Society  that  after 
considerable  experience  with  annealing  furnaces  I  have  found  that 
the  reversal  of  some  of  the  accepted  methods  has  been  advantageous. 
In  the  first  place, suppose  the  castings  are  in  a  pot  two  feet  high  ;  I 
would  have  the  top  of  the  furnace  five  and  a  half  or  six  feet  high. 
Instead  of  taking  the  heat  in  at  the  bottom,  I  would  bring  it  in  at 
the  top,  and  in  the  next  place  I  would  divide  the  flues  at  the  bottom 
so  as  to  (jet  an  even  draft.     An  even  draft  can  be  obtained  with  a 
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number  of  flues  very  readily  with  pieces  of  brick  to  vary  the  open- 
ings and  a  handkerchief  as  a  guide  to  the  strength  of  the  draft. 
With  a  natural  draft — no  fire  at  al! — a  handkerchief  held  near  one 
of  the  openings  will  be  deflected,  and  then  you  try  the  others, 
holding  the  handkerchief  in  the  same  relative  position,  and  if  the 
handkerchief  is  deflected  too  much,  place  a  piece  of  brick  partly  over 
the  flue-hole.  The  advantage  is,  that  you  have  even  action,  whereas, 
if  you  draw  the  heat  in  at  the  bottom,  you  will  naturally  have  hot 
streaks  through  your  furnace.  If  you  take  it  in  at  the  top  and  then 
it  leaks  out  at  the  bottom  as  it  has  to,  it  makes  perfectly  even  heat- 
ing all  around  ;  and  the  advantage  of  having  this  large  reservoir 
over  your  castings  is  simply  that  you  get  this  soaking  action  of  the 
heat  with  perfectly  even  distribution  and  very  little  loss ;  because 
your  radiation,  after  all,  amounts  to  very  little  compared  with  the 
amount  of  heat  which  you  actually  use  in  annealing.  If  you  do 
lose  a  per  cent,  more  or  less  by  radiation,  it  does  not  make  much 
difference.  You  gain  more  by  paying  proper  attention  to  the 
damper. 

Mr.  H.  H.  Towne. — I  may  mention  briefly  an  experience  of  my 
own  in  this  particular  direction.  Some  five  years  ago,  I  built  an 
annealing  furnace  in  which  I  took  the  gases  from  the  combustion 
chamber  over  the  bridge- wall  into  the  heating  chamber  on  top  of 
the  pots,  as  Mr.  Dodge  proposes.  The  down-takes  into  Ihe  flue 
were  in  the  floor,  so  that  the  heated  gas  came  in  at  the  top  and 
flowed  down  and  went  out  at  the  bottom.  It  worked  well  in  some 
respects,  but  had  this  defect,  that  th^  boxes  in  the  upper  part  of  the 
chamber  were  heated  more  rapidly  and  to  a  higher  degree  than  the 
others.  The  chamber  contains  twenty-four  boxes,  in  rows  three 
high,  and  the  upper  tier  of  boxes  always  showed  a  different  result 
from  those  at  the  middle  and  bottom.  Last  spring  I  altered  the 
furnace  by  having  the  bridge-wall  carried  up  to  the  top  of  the 
chamber,  and  checker-board  openings  made  through  it,  so  that  the 
gas  was  delivered  in  a  number  of  small  jets  through  the  whole 
furnace,  the  down-takes  being  left  in  the  original  condition.  We 
now  get  uniform  work  from  each  pot,  regardless  of  its  position.  I 
am  at  present  designing  a  new  furnace,  but  am  going  to  make  the 
outlets  correspond  with  the  inlets,  the  areas  of  the  different  open- 
ings in  the  checker-board  bridge-walls  being  proportionate  to  the 
intensity  of  the  draft  at  the  top  and  bottom  of  the  furnace,  and  I 
think  that  this  will  give  a  still  better  result. 

Mr.  A.  II.  Emery. — One  excellent  point  in  regard  to  the  method 
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of  carrying  the  draft  which  Mr.  Dodge  has  mentioned  is  this — 
that  in  carrying  off  at  the  bottom  he  is  all  the  time  taking  off  the 
coldest  gases  instead  of  the  hottest;  in  this  consists  much  of  the 
economy  of  taking  off  the  gases  at  the  bottom. 

No.  240.— 30. 
Which  do  you  prefer,  a  feed-pump  or  an  injector  ? 

The  Chairman. — I  presume  the  point  of  the  inquiry  is  to  know 
which  is  the  better  to  adopt  for  ordinary  purposes.  For  any  im- 
portant steam  plant  the  question  is  already  settled  pretty  con- 
clusively. But  it  is  not  always  clear  to  persons  who  have  occasion 
to  buy  small  steam-engines  or  boilers  whether  they  need  a  steam 
pump  or  injector,  and  I  take  it  that  that  is  the  point  of  this  in- 
quiry. 

Mr.  W.  C.  Kerr. — We  furnish  botli  of  these  articles  in  connec- 
tion with  steam  power  plants.  Our  experience  has  been  that  we 
furnish  more  pumps  than  injectors.  It  is  also  our  experience  that 
sometimes  engines  and  boilers  are  put  into  incompetent  hands, 
and  that  in  such  cases  the  feeding  will  be  better  done  by  an  injec- 
tor. It  is  merely  a  fact  without  any  reason  why.  I  think  one 
reason  why,  is,  that  small  pumps  are  generally  so  cheaply  built.  We 
have  had  occasion  in  buying  small  pumps  for  several  purposes  to 
ship  a  pump  from  the  factory  to  the  repair  shop  and  have  it  re- 
paired first  and  then  send  it  out  for  use. 

Mr.  C.  M.  Giddings. — It  ha^s  been  pretty  hard  for  us  to  decide 
which  we  like  best ;  we  have  now  come  to  putting  on  both.  In  our 
electric  light  plants  we  put  on  both  as  a  matter  of  caution  and  neces- 
sity. We  find  it  difficult  to  get  a  small  pump  well  enough  made  for 
us  to  be  willing  to  pin  our  whole  faith  to  that  alone.  As  to  the 
amount  of  trouble  we  get  with  injectors  and  pumps,  it  is  pretty 
nearl}r  divided  after  the  observation  of  several  years.  We  cannot 
find  any  kind  of  jet  apparatus  or  pump  which  will  give  us  less 
trouble  than  the  other  one.  We  cannot  trust  either  alone,  and  the 
tendency  seems  to  be  pointing  towards  the  adoption  of  two.  We 
now  prefer  two  injectors  of  the  simplest  possible  type  to  run,  be- 
lieving that  we  are  escaping  much  of  the  trouble  which  is 
common  to  the  average  cheaply  made  pump. 

Mr.  J.  W.  Cole. — Some  years  ago,  I  favored  putting  in  the  hands 
of  the  ordinar}'  engine  driver  atid  fireman,  for  a  boiler  feeder,  a 
small  steam  pump,  and  to  have  it  a  plunger  pump,  simply  for  this 
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reason  :  that  if  a  piston  in  the  water  cylinder  began  to  leak,  the  man 
who  was  firing  the  boiler  and  runing  the  engine  frequently  dis- 
covered it  first  by  having  low  water  in  his  boiler  ;  but  if  he  had  a 
plunger  pump,  there  would  be  a  spurt  of  water  coming  out,  and  he 
would  find  it  out  before  his  boiler  had  low  water. 

Mr.  W.  B.  Le  Van. — About  ten  years  ago,  I  made  a  series  of  ex- 
periments in  regard  to  the  economy  of  belt-driven  and  steam  pumps 
and  also  injectors.  With  the  original  Giffard  injector,  which  was 
first  made  in  this  country  by  William  Sellers  &  Co.,  I  found  that 
the  excess  of  cost  with  an  injector,  by  actual  test,  was  ten  per  cent, 
over  that  of  the  belt-driven  pump,  and  over  that  of  the  Worthing- 
ton  pump,  in  good  condition,  it  was  twenty  per  cent.  The  advan- 
tage of  the  injector  over  the  belt  pump  was,  that  it  could  be  run  at 
anytime.  The  injector,  by  partially  acting  as  a  heater,  and  heating 
the  water  up,  proved  the  better  one  of  the  two,  although  it  was  a 
little  more  expensive.  The  steam  pump's  loss  was  due  to  the  fact 
that  the  exhaust  was  not  utilized  for  heating  as  with  the  injector. 

No.  240.— 31. 

What  is  the  best  way  to  separate  grit  from  grinding  rooms  and 
prevent  its  dissemination  in  yards  and  shops  ? 

Mr.  J.  M.  Dodge. — I  would  state  that  we  exhaust  all  the  dust 
from  tumbling  barrels  and  emery  wheels.  The  first  method  which 
we  used  was  to  take  pipes  from  the  barrels  right  to  the  exhaust 
fans,  but  now  we  have  introduced  this  change,  that  between  the 
fan  and  the  barrels  we  built  a  room  thirty-five  feet  long  and  ten 
feet  square,  and  made  it  air  tight.  I  brought  the  pipes  into  the 
room,  and  from  a  crevice  on  the  other  side  I  bi*ought  a  fan-shaped 
pipe  to  the  exhaust  fan.  The  dust  would  come  into  that  room  with 
just  as  much  velocity  as  though  it  was  a  small  pipe,  and  when  it 
got  in  there  it  would  come  to  rest.  It  would  settle  there,  and  then 
the  air  would  go  on  out  through  this  long  slit.  The  consequence  was 
that  the  fan  did  not  wear  out,  and  what  little  dust  went  past  that 
was  caught  by  running  over  a  series  of  boxes  where  there  were  al- 
ternately hanging  partitions  and  upright  partitions,  and  finally  the 
current  was  blown  on  the  surface  of  water. 

Mr.  G.  M.  Giddings. — I  would  say  in  regard  to  this  subject 
that  at  Massillon,  our  people,  after  having  been  guilty  of  man- 
slaughter for  several  years,  determined  to  adopt  some  method  of 
abating  the  dust  nuisance.     We  covered  each  one  of  our  tumbling 
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barrels  and  grindstones  with  boxes.  From  the  exhaust  fan  we 
carried  it  outside  of  the  building  to  an  eighteen-inch  sheet-iron  pipe 
leading  out  into  a  vertical  chimney  (Fig.  10i),  of  about  eight  feet 
in  diameter,  the  total  height  of  which  would  be  in  the  neighbor- 
hood of  eighteen  to  twenty  feet,  A  B  representing  the  ground 
line.  The  inlet  pipe  was  brought  into  the  chamber  a  little  below 
the  center  and  opened  at  a  right  angle.  A  half-inch  water  pipe 
with  a  pressure  of  about  forty  to  fifty  pounds  per  square  inch,  hav- 
ing a  cap  at  the  end,  with  an  £  ^o\e  in  it,  opened  directly 
against  a  small  plate  under  the  apex  of  the  cone.     This  served  to 


Fig.  104 

divide  the  water  into  a  spray  throughout  the  entire  cross-section  of 
the  chamber  which  moistened  the  dust.  The  result  is,  that  a  very 
great  proportion  of  it  falls  to  the  bottom  in  the  shape  of  a  thin  mud 
which  can  easily  be  washed  out  writh  a  hose.  The  portion  of  the 
dust  not  moistened  sufficiently  to  be  precipitated  was  caught  again 
in  the  filtering  chamber  (C),  there  being  two  perforated  plates,  one 
above  and  one  below,  as  shown,  filled  with  coke  and  similar  sub- 
stances from  the  size  of  a  man's  fist  down  to  the  size  of  an  egg  or 
larger,  with  some  fine  material  mixed  in  among  it.  This  should 
be  renewed  in  about  sixty  days.  In  connection  with  this  we  were 
enabled  to  get  rid  of  nineteen-twentieths  of  the  dust,  the  balance, 
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which  went  through  the  escape-pipe,  being  so  slight  as  to  form  no 
objection  whatever.  That  has  been  running  successfully  for  the 
past  eight  or  ten  months,  which  is  due  in  a  very  large  measure  to 
our  worthy  member,  Mr.  Charles  Bauer,  of  Springfield,  who  gave 
the  suggestion.  I  have  used  it  very  successfully,  so  much  so  that  I 
can  well  recommend  it  to  others. 

Mr.  W.  E.  Partridge. — Excelsior  has  very  successfully  replaced, 
on  a  small  scale,  the  combination  of  coke  and  other  materials  in  the 
upper  part  of  the  chamber.  The  excelsior  is  usually  placed  on 
wire  gratings,  so  as  to  keep  it  from  packing  and  to  enable  it  to  be 
moistened  uniformly.  The  air  is  forced  through  it  as  in  the  case 
mentioned  ;  the  great  extent  of  moist  surface  acts  in  the  same  way 
that  prepared  cotton  does  in  sifting  germs  from  atmospheric  air. 
It  takes  up  the  dust  and  holds  it  very  closely,  and  where  it  has  been 
used  in  very  dusty  air,  and  a  large  quantity  going  through,  a  com- 
paratively small  amount  of  excelsior  has  done  very  much  good. 
The  excelsior  does  a  greater  amount  of  separating  than  would  be 
expected  by  one  who  has  had  no  previous  acquaintance  with  it. 
The  use  of  the  material  in  some  such  way  may  be  valuable  in  the 
construction  of  separators  in  a  large  way. 

Mr.  Henry  E.  Towne. — Both  methods  which  have  been  described 
embody  a  common  feature  which  I  have  used  for  a  long  time  with 
good  results,  namely,  that  of  a  settling  chamber,  a  great  enlarge- 
ment of  the  pipe  with  the  proportionate  decrease  in  the  velocity  of 
the  current,  thus  allowing  more  or  less  of  the  material  to  settlel 
I  have  used  this  plan  in  connection  with  emery  wheels  and  with 
buffing  wheels  for  various  kinds  of  metal.  There  are  still  difficul- 
ties remaining,  however,  which  make  it  no  easy  matter  to  extract 
the  whole  of  the  metal  from  a  current  of  dust-laden  air. 

Perhaps  at  another  session  I  will  have  something  more  to  say  on 
this  subject,  supplementing  what  Mr.  Giddings  has  presented. 

No.  240.— 32. 

How  may  drawings  be  made  and  the  contraction  and  expansion 
of  the  paper  be  avoided  ? 

Mr.  Oberlin  Smith. — I  have  found  by  experience  that  the  best 
way  to  prevent  drawings  from  expanding  is  to  let  them  expand, 
and  the  best  way  to  prevent  them  from  contracting  is  to  let  them 
contract.  If  you  do  not  let  them,  they  will  do  it  anyhow. 
(Laughter.) 
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The  next  question  is,  now  to  get  rid  of  the  evils  due  to  the  expan- 
sion and  contraction.  I  know  of  no  kind  of  drawing  paper — I  wish 
there  was  some — which  is  not  very  materially  affected  by  the  hydro- 
metric  condition  of  the  atmosphere.  I  have  recently  had  my 
attention  called  to  this  matter  in  a  very  practical  way  by  having  to 
deal  with  gangs  of  dies  for  cutting  playing-cards,  fifty-six  at  a  time, 
from  22"  x  28"  paper.  In  thus  cutting  cards  out  of  such  large 
sheets,  it  was  found  that  a  slight  difference  of  dampness  in  the 
paper  while  lying  piled  in  different  parts  of  the  room — or  in  differ- 
ent positions  in  the  pile — some  of  it  with  air  blowing  on  it  from 
windows,  etc.,  made  a  difference  of  about  twenty  hundredths  of  an 
inch  between  the  largest  and  smallest  of  the  various  sheets.  In  this 
work  they  print  both  sides  of  the  cards  before  cutting,  either  from 
a  stone  or  from  a  relief  plate;  then  they  pile  them  up  and  get  them 
as  nearly  of  a  uniform  dryness  as  possible.  If,  however,  they  are 
not  cut  perfectly  true  by  the  printing,  there  i6  a  nice  chance  to 
make  money  by  players  who  watch  the  backs  of  the  cards,  a  fact  with 
which  you  are  all  doubtless  practically  familiar.  (Laughter.)  Cards 
which  are  cut  unevenly  with  the  printing  of  the  backs  have  to  be 
sold  as  "seconds"  and  "thirds,"  at  a  low  price.  The  way  decided 
upon  for  the  case  in  question  was  to  sort  the  paper  into  four  or  five 
different  grades,  just  before  cutting,  and  then  bring  it  to  one  gang 
of  dies  for  one  degree  of  expansion  and  to  another  set  of  dies  for 
another  degree,  and  so  on — using  five  gangs  of  dies  varying  by 
about  five  hundredths  of  an  inch  from  each  other  in  total  length. 

Many  years  ago — I  think  over  twenty — Professor  "Webb  and  I, 
who  were  then  in  partnership,  started  a  system  of  using  cross-ruled 
paper  for  drawings.  This  is,  of  course,  frequently  used  by  civil 
engineers  and  others  for  profile  work,  but  we  got  up  our  system 
for  ordinary  machine-shop  practice.  I  have  used  it  ever  since  with 
great  succcess,  and  would  not  be  without  it  now,  on  any  account. 
My  paper  is  ruled  in  inches  and  eighths  usually,  the  latter  marks 
being  the  finest,  and  all  of  them  in  a  pale  pink  color,  so  that  at  a 
distance  they  are  not  noticed  enough  to  disfigure  the  drawing. 
This  is  very  convenient  for  quarter-scale  or  for  eighth-scale  draw- 
ings ;  or  it  can  be  ruled  to  order  to  suit  any  particular  kind  of  work. 
The  measurements  do  not  get  wrong;  you  do  not  have  a  number 
of  errors  added  together  in  a  long  dimension — I  mean  in  cases 
where  the  drawings  lie  about  a  good  while  and  have  not  been  "fig- 
ured up."  And  this  ruled  paper  is  of  great  advantage  in  laying 
off  work  rapidly,  especially  in  symmetrical  work,  where  any  one  of 
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the  red  lines  running  through  the  paper  can  be  selected  as  an  axis, 
and  work  laid  off  either  side  of  it  by  the  eye,  without  having  to 
measure.  I  think  for  ordinary  laying  out  purposes,  an  average  of 
half  the  time  is  saved.  This  is  an  important  advantage,  in  addition 
to  its  merits  in  regard  to  expansion  and  contraction.  I  would  not 
make  scale  drawings  on  plain  paper  at  all.  It  is,  moreover,  not 
only  useful  for  permanent  scale  drawings,  but  for  sketching  free 
hand,  approximately  to  size. 

A  Member. — Do  you  know  if  there  is  such  a  paper  in  the  market  ? 

Mr.  Smith. — I  have  not  been  able  to  find  any,  except  some  that 
Queen  in  Philadelphia  had,  ruled  in  tenths,  which  he  charged 
fifteen  cents  a  sheet  for,  where  it  costs  me  about  six.  The  paper  I 
use  is  the  heaviest  Western  ledger-paper,  and  is  sold  at  $50  a  ream, 
in  some  very  large  sized  sheets  which  I  have  cut  to  24"  by  36".  It 
is  strong  and  tough  ;  I  had  it  ruled  to  order  and  sent  a  draughtsman 
to  the  place  where  the  ruling  was  done  to  superintend  the  work. 
He  took  steel  scales  with  him  and  spoiled  several  sheets  of  paper 
until  he  got  the  rulings  right.  I  intend  some  time  to  make  a  plate 
by  which  I  can  print  the  lines  accurately.  I  attempted  to  have  it 
printed  by  the  steel-plate  process;  either  sinking  the  lines  in  a  steel 
or  brass  plate,  or  in  a  lithographic  stone.  I  finally  decided  on  the 
latter,  but  was  told  by  the  lithographic  printer  that  the  paper  would 
shrink  nearly  a  quarter  of  an  inch,  on  account  of  the  exceeding 
dampness  necessary  for  the  printing.  I  think  there  ought' to  be 
some  good  relief  plates  made  to  different  scales,  for  dry  printing, 
by  somebody,  at  any  necessary  expense.  These  should  be  accurately 
and  carefully  made,  and  a  paper  printed  and  put  upon  the  market 
for  the  benefit  of  all  machinists.  It  would  be  a  very  valuable  boon, 
I  think,  to  all  those  designing  people  called  draughtsman. 

Prof.  J.  B.  Webb. — As  Mr.  Smith  has  used  my  name,  I  would  like 
to  say  something  on  this  subject.  In  giving  instruction  in  technical 
schools,  I  have  felt  the  necessity  of  using  cross-section  paper  in  a 
variety  of  ways,  and  believe  it  is  desirable  that  the  student  should 
commence  to  use  it  at  once,  and  learn  the  many  uses  which  it  will 
serve,  not  only  in  making  drawings  to  scale,  but  in  working  all  sorts 
of  graphical  problems,  such  as  getting  the  strains  on  a  bridge,  where 
we  wish  to  measure  the  results  to  scale.  I  found  no  paper  in  the 
market  which  was  at  once  accurate,  cheap,  and  in  sheets  small  enough 
for  class  instruction  ;  I  therefore  got  up  a  ruling-machine  of  my  own, 
and  put  it  in  charge  of  a  student,  and  so  got  along  for  a  number  of 
years.     The  paper  was  ruled  in  ten  per  inch  squares  with  a  set  of 
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accurately  made  bookbinders'  pens,  kept  for  the  purpose  ;  but  it  was 
not  as  good  as  I  wanted,  and  I  have  therefore  had  engraved,  for  use 
in  this  Institute,  a  relief  plate  as  accurate  as  could  be  made  ;  to  en- 
able you  to  judge  of  it,  I  will  pass  some  of  the  sheets  around. 
You  will  notice  that  the  lines  are  numbered  along  the  edges,  so  that 
I  can  give  a  definite  problem  to  a  class;  I  can  say  "Draw a  bridge; 
put  one  abutment  at  10-23,  and  the  other  at  25-23,"  etc.,  etc.,  and 
so  I  can  lay  out  the  problem  in  such  a  way  that  when  the  student 
works  it  he  will  not  find  that  part  of  his  drawing  runs  off  the  paper. 
This  paper  can  be  furnished  for  two  or  three  cents  a  sheet.  There 
is  another  size  twice  as  large  as  the  sheets  you  are  examining. 
When  we  get  out  an  edition,  at  the  same  time,  and  on  the  same 
paper,  we  print  a  few  sheets  with  darker  ink,  and  these  are  cut  up 
for  scales.  I  was  led 'to  this  by  finding  that  the  paper  scales  in  the 
market  would  agree  neither  with  wooden  scales  nor  with  any  paper. 
I  found  also  that  if  we  made  the  scale  of  our  paper  half-inch,  some 
students  would  make  their  drawings  partly  with  a  paper  scale  and 
the  rest  with  a  wooden  one,  if  it  happened  to  be  at  hand,  and  tell 
me  they  didn't  know  that  it  would  make  any  difference.  Students 
will  make  all  the  mistakes  they  can,  you  know,  so  as  to  find  out 
something.  Now,  1  did  not  want  to  be  troubled  in  that  way,  so  I 
made  the  scale  of  the  paper  half  way  between  the  centimeter  and 
the  half-inch.  The  smallest  division,  therefore,  is  slightly  larger 
than  a  millimeter,  of  which  you  can  estimate  tenths,  and  thus  get 
easily  as  great  a  degree  of  accuracy  as  is  practical  in  working  on 
paper. 

Mr.  W.  E.  Partridge. — There  are  a  good  many  more  advantages 
in  paper  of  this  kind  to  the  advanced  engineer  than  are  seen  in 
first  taking  up  the  paper.  Two  years  ago,  I  had  occasion  to  ask 
a  draughtsman  to  make  me  a  scale  drawing  from  a  machine. 
The  first  thing,  of  course,  was  to  make  a  free-hand  sketch,  and 
then  put  the  dimensions  on  it.  He  had  started  and  got  an 
elevation  partly  finished.  I  found  that  his  estimate  of  four  or 
five  clays'  labor  was  absolutely  correct.  I  felt  perfectly  satisfied  at 
the  price  I  wras  to  pay  for  the  job,  but  I  did  object  to  waiting  so 
long  for  my  sketches.  I  therefore  obtained  some  ordinary  cross- 
section  paper,  and  suggested  that  he  make  a  free-hand  sketch  to 
scale.  The  result  was  that,  instead  of  five  days  of  drawing,- the 
first  set  of  drawings  were  finished  in  three  days,  and  were  accurate 
enough  for  the  engraver.  If  the  professor  would  have  the  paper 
printed  in  Prussian  blue,  a  drawing  made  in  India  ink  can  be 
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finished  up  to  any  extent,  and  then,  by  the  use  of  a  weak  alkali,  the 
lining  can  be  bleached  out,  leaving  the  drawing  on  white  paper. 

The  question  of  the  expansion  and  contraction  of  drawing  paper 
is  much  more  irregular  than  most  of  us  suppose.  Some  of  the 
finest  English  drawing  paper  has  been  tested  during  the  past  two 
years,  mounted  in  various  ways  and  stretched,  and  the  rate  of 
expansion  and  contraction  in  different  parts  of  the  same  sheet 
plotted  as  a  very  irregular  curve.  No  two  parts  of  a  large  sheet 
of  say  Whatman's  paper  would  keep  up  the  same  rate  of  expan- 
sion and  contraction.  It  varied  not  only  in  different  hours  of  the 
day,  but  in  different  days  of  the  month,  and  in  different  months 
of  the  year,  and,  unfortunately,  there  was  no  end  to  it.  For  many 
purposes,  a  sheet  of  paper  which  would  stay  in  place  is  highly 
desirable,  and  if  cross-line  paper  may  not  always  answer,  a  good 
strong  drawing-board,  or  a  good  board  of  narrow  white  pine  strips, 
can  be  depended  upon  to  make  a  very  uniform  rate  of  shrinkage 
through  a  long  time,*and  if  properly  shellacked  or  varnished  on 
the  side  away  from  the  drawing,  is  as  nearly  accurate  as  any  surface 
on  which  we  can  make  drawings  if  we  except  sheet  zinc,  sheet  brass, 
or  sheet  copper.  On  two  occasions  I  have  found  it  necessary  to 
have  my  paper  so  that  I  could  plot  on  it  to  a  thousandth  of  an  inch, 
and  recognizing  the  fact  that  Mr.  Smith  spoke  of,  that  the  best 
way  was  to  let  it  expand  when  it  wanted  to,  and  contract  when  it 
wanted  to,  I  concluded  I  would  do  neither,  and  I  used  a  strong 
white  glue,  glued  the  whole  surface  of  the  paper  and  board,  and 
put  the  paper  down  as  one  would  put  on  a  veneer. 

Mr.  W.  II.  Welghtman. — My  opinion  in  regard  to  this  paper  of 
Professor  Webb's,  based  upon  some  twenty  or  more  years  of  ex- 
perience, is  that  I  should  not  care  to  use  it  very  steadily,  even  for 
a  few  days  at  a  time.  Since  1863  I  have  been  making  drawings, 
fine  and  coarse,  ornamental  and  mechanical,  and  so  far  have  not 
been  forced  to  use  eye-glasses.  I  should  not  care  to  insure  the 
eyes  of  any  one  using  this  paper,  should  they  attempt  to  work  it 
steadily  any  length  of  time. 

Mr.  G.  II.  Babcock. — There  is  one  point  in  regard  to  the  shrink- 
age of  paper  which  I  have  not  heard  mentioned,  and  which  is  not 
generally  appreciated  ;  and  that  is  that  the  same  piece  of  paper 
does  not  shrink  equally  in  different  directions.  My  attention  was 
first  called  to  this  by  the  late  J.  Morton  Poole  some  years  since. 
He  was  making  some  paper  rolls  for  calender  work,  and  he  told 
me  that  the  disks  of  paper  piled  upon  an  arbor,  compressed,  turned 
20 
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off,  and  then  accurately  ground,  would  shrink  so  differently  that 
the  roll  would  be  all  ridges  and  hollows  in  a  very  short  time. 
The  only  remedy  was  to  be  very  careful  that  the  disks  were  placed 
with  the  lengthwise  direction  of  the  sheet  all  one  way,  so  that 
when  they  contracted  through,  the  roll  was  not  round,  it  was 
smooth  on  the  surface. 

Mr.L.  Herman. — As  an  improvement  on  Mr.  Partridge's  method, 
I  would  suggest  the  use  of  the  white  of  eggs  instead  of  glue.  This 
is  spread  uniformly  on  the  back  of  the  paper  after  beating  it  to  a 
foam,  or  dissolving  with  a  little  ammonia.  The  paper  is  then 
stretched  on  the  board  and  allowed  to  dry.  While  the  sheet  so 
treated  will  adhere  firmly  to  the  board  for  any  length  of  time,  it 
can,  when  desired,  be  easily  removed  by  lifting  it  from  one  corner. 

Mr.  W.  B.  Le  Van. — The  difference  of  shrinkage  along  and 
across  the  sheet  is  due  to  an  unequal  tension  of  paper  on  the  dry- 
ing rolls.  A  friend  of  mine  found  that  a  paper  machine  would 
vary  the  lengthwise  shrinkage  by  increasing  or  decreasing  the 
tension  of  the  sheet  in  drying.  By  carefully  manipulating  the 
tension,  he  found  that  he  could  make  the  paper  shrink  on  an  aver- 
age nearly  equally  in  both  directions. 

Mr.  A.  H.  Emery. — I  have  been  using,  for  a  number  of  years, 
a  paper  called  linen  woven  paper,  made  by  Byram,  Weston  &  Co., 
of  Dalton,  Mass.  The  size  which  I  have  been  using  is  31  inches 
by  23.  I  use  this  on  a  white  pine  drawing-board,  and  I  find  that 
my  white  pine  drawing-board  will  shrink,  in  a  year,  several  times 
as  much  as  the  paper  will.  The  paper  changes  itself  but  very 
little.  It  will -change,  from  time  to  time,  between  morning  and 
noon,  and  noon  and  night,  as  much  as  it  does  change  in  the  whole 
year.  If  I  take  the  Whatman  papers,  we  have  a  different  experi- 
ence ;  the  drawings  figure  up  wrong.  They  shrink  and  change 
dimensions  greatly.  But  from  the  paper  I  speak  of  I  can  take  off 
measurements  with  the  scales  after  years  of  preservation  with 
accuracy. 

Mr.  W.  0.  Webber. — I  would  like  to  say  that  we  have  been  using 
the  same  paper  which  Mr.  Emery  speaks  of  in  our  shop  for  nearly 
four  years,  and  I  can  corroborate  exactly  what  he  said.  Besides,  it 
has  the  advantage  that  we  are  able  to  make  blue  prints  from  it 
without  making  any  tracing. 

Mr.  C.  T.  Pointer. — I  would  like  to  ask,  Is  this  matter  of  so 
much  consequence  as  it  would  seem  to  be  from  the  discussion? 
As  all   drawings  are  or  ought  to  be  completely  figured,  and   no 
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workman  ought  ever  to  put  a  scale  on  a  drawing,  is  it,  except  in 
rare  cases,  of  any  consequence  whether  a  drawing  shrinks  or  not,  or 
shrinks  unequally  more  or  less?  Is  it  really  a  point  of  much  im- 
portance ? 

With  respect  to  drawing-boards,  I  would  say  that  I  have  found 
drawing-boards  shrink  still  more  than  paper.  I  had  a  board  lately 
four  feet  wide,  and  it  shrank  an  inch  and  a  quarter  in  widtli 
within  two  years.  I  found  that  it  was  an  inch  and  a  quarter 
narrower  than  it  was  originally.  This  was  in  the  winter,  when 
there  was  steam-heat  in  the  room.  Last  summer  I  went  to  show  a 
friend  that  it  had  shrunk  an  inch  and  a  quarter,  and  it  had  gone 
back  three-eighths. 

Mr.  A.  C.  Campbell. — I  have  found  some  difficulty  of  the  same 
sort,  and  made  sets  of  drawings  right  through  on  card-board  (22"  x 
28"),  not  Bristol-board,  but  a  tinted  board,  something  like  that  used 
in  making  mats  for  pictures.  I  coated  them  with  white  shellac  on 
both  sides.  They  have  been  in  use  for  two  years,  and  as  far  as  you 
can  see,  they  hold  their  own  right  along.  There  seems  to  be  no 
variation  from  the  original  scale.  The  drawings  are  all  figured  to 
show  this.  '  I  only  speak  of  this  to  show  the  posssibility  of  using 
paper  of  an  extra  heavy  grade.  When  we  first  shellac  them,  they 
expand,  as  a  matter  of  course,  but  on  drying  return  to  their  original 
size. 

Mr.  Oherlin  Smith. — I  will  say,  in  answer  to  Mr.  Porter,  that  it 
does  not  make  very  much  difference  about  the  paper  being  a  differ- 
ent size  from  normal  as  regards  the  workman  reading,  after  dimen- 
sions have  been  all  put  on  (if  they  have);  but  it  does  make  a  won- 
derful difference  when  a  man  commences  designing  a  machine  and 
has  the  drawings  Iving  around  for  days,  weeks,  and  months,  as 
is  often  the  case,  and  cannot  remember  all  his  own  distances. 
Whether  on  a  damp  summer  morning,  with  the  windows  open,  they 
have  grown,  or  on  a  crisp,  cool  morning,  with  the  room  heated,  they 
have  diminished — perhaps  a  sixteenth,  perhaps  nearly  half  an  inch 
— it  does  make  a  difference.  When  a  man  lias  a  lot  of  meas- 
urements, and  finds  the  next  morning  that  they  have  all  changed, 
it  makes  him  mentally  profane. 

Xo.  240.— 33. 

Can  you  give  any  data  from  your  own  experience  as  to  the 
power  required  to  drive  modern  American  machine  tools  2 

Mr.   Wilfred  Lewin. — We  have  made  a  few  experiments  in  this 
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direction,  and  what  we  have  done  began  in  connection  with  our 
experiments  on  gearing,  to  determine  the  power  required  to  drive  a 
48"  lathe,  so  as  to  compare  the  efficiency  of  spur  and  worm  gearing. 
In  making  those  experiments,  1  noticed  a  peculiar  phenomenon, 
wilier  seemed  altogether  paradoxical,  but  which  was  nevertheless 
repeatedly  confirmed,  namely,  that  when  running  at  full  speed,  it 
required  more  power  to  drive  the  lathe  empty,  with  the  cone  dis- 
connected and  loose  on  the  spindle,  than  it  did  to  drive  with  the  back 
gear  and  the  spindle  thrown  in.  In  the  former  case,  the  belt  pull 
on  the  small  step  of  the  cone  14"  diam.  was  27.5  lbs.,  and  in  the 
latter  25.  8  lbs.  The  face  plate  and  spindle  were  very  heavy,  and  the 
reduction  was  about  38  to  1.  The  only  explanation  I  can  suggest 
is,  that  the  extra  work  of  driving  the  back  gear  and  spindle  was 
more  than  offset  by  the  improved  lubrication  of  the  cone  pulley, 
due  to  the  revolving  spindle.  A  similar  phenomenon  was  again 
noticed  in  the  machinery  for  driving  a  traveling  crane,  in  which 
a  cut-off  was  used  to  stop  the  motion  of  a  long  train  of  gearing, 
allowing  the  first  set  of  gears  to  stand  upon  a  revolving  sleeve, 
when  it  was  found  that  the  friction  of  the  sleeve  alone  was  very 
often  sufficient  to  start  up  the  whole  train  of  gearing.  The  ex- 
periments on  the  lathe  were  continued  to  determine  the  power 
required  for  cutting  various  metals  and  the  relative  amount  of 
power  with  different  forms  of  tools,  but  I  do  not  know  whether  that 
question  is  in  order. 

The  Chairman. — We  should  be  very  glad  to  hear  from  you,  Mr. 
Lewis,  on  the  subject. 

Mr.  Lewis. — -The  power  required  to  remove  a  given  amount  of 
metal  depends  very  much  on  the  shape  of  the  cut  and  the  shape  of 
the  tool  used.  If  the  cut  is  very  nearly  square  infection,  the  amount 
of  power  required  would  be  a  minimum.  If  it  is  very  wide  and  thin, 
it  would  be  a  maximum.  The  amount  of  power  required  to  take  a 
cut  depends  upon  the  sharpness  of  the  tool  and  upon  the  form  of 
the  cut.  If  it  is  comparatively  square  in  section,  if  the  feed  is 
about  equal  to  the  depth  of  the  cut,  it  is  not  a  very  serious  matter 
to  have  a  dull  tool.  The  metal  is  broken  away  from  the  head  of 
the  tool  as  though  it  were  a  wedge,  and  the  edge  of  the  tool  hardly 
reaches  the  metal  at  that  point.  It  piles  up  on  the  edge  of  the  tool 
and  forms  a  wedge.  The  resistance  per  square  inch  in  the  metal 
varied  in  these  experiments  from  700,000  to  180,000  for  steel ;  cast 
iron,  about  one-third. 

The  Chairman. — That  is,  per  square  inch  of  section  removed  ? 
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Mr.  Lewis. — Per  square  inch  section  removed.  I  think  the  best 
form  of  tool  is  one  in  which  the  principal  amount  of  cutting  is  done 
in  advance  of  the  point.  The  point  ought  to  droop,  so  as  to  split 
off  the  heavy  amount  of  metal  and  leave  only  the  light  amount 
that  remains  for  the  point  of  the  tool.  The  dullness  of  a  tool  affects 
but  little  the  power  required  with  a  very  heavy  cut.  It  affects  it 
with  a  light  cut,  but  not  so  much  with  a  heavy  cut. 

Mr.  A.  C.  Hobhs. — -I  do  not  know  that  I  can  give  you  anything 
very  scientific  on  this  question,  but  I  can  give  you  some  data  from 
ray  own  experience  as  to  the  power  required  to  turn  modern 
American  machine  tools.  We  have  an  engine  with  an  eighteen 
foot  fly-wheel,  on  which  are  two  loose  running  belts,  each  three  feet 
wide.  Around  through  the  factory  I  have  belts  which  I  know  will 
drive  any  machines  that  we  have  to  work.  I  find  that  very  satis- 
factory. I  think  if  the  gentlemen  put  on  their  belts  wide  enough, 
and  have  them  good,  that  they  will  find  all  their  tools  cut  right. 
(Laughter.) 

Prof.  Gaetano  Lanza. — I  have  at  home  a  few  data  which  bear 
upon  one  phase  of  this  question.  Last  year  there  were  two  of  our 
students  who  took  up  as  an  investigation  the  question  of  the  pres- 
sure on  different  shop  tools  used  in  a  lathe  and  planer.  The  lathe 
and  planer  were  of  medium  sizes,  and,  of  course,  the  chips  were  not 
very  heavy,  and  they  weighed  the  presssure  of  the  tools,  taking  a 
number  of  different  shaped  tools.  I  merely  mention  it  so  that  if 
there  is  any  one  present  who  is  interested  in  these  data  I  shall  be 
happy  to  let  him  see  them. 

Mr.  T.  S.  Crane. — The  power  required  I  think  could  be  readily 
deduced  from  the  speed  of  the  belt  and  the  width  of  it.  It  is  very 
well  known  that  some  lathes  will  not  run  with  a  two-inch  belt;  you 
have  to  put  on  a  three-inch  belt.  So  it  seems  to  me  that  any  one 
who  is  interested  in  determining  the  power  required  to  drive 
different  sized  lathes  already  in  operation,  with  maximum  resist- 
ance, could  ascertain  that  readily  by  ascertaining  the  speed  of  the 
bolt  used  and  its  width. 

Mr.  G.  II.  Bahcock. — I  do  not  supDose  that  any  of  us  have  ex- 
perimented sufficiently  to  answer  this  question  with  the  degree  of 
accuracy  desired  in  these  discussions.  The  older  class  of  engineers 
have  been  in  the  habit  of  depending  on  the  "  rule  of  thumb  "  a  good 
deal,  and  have  mostly  used  guess-work  to  determine  how  many  horse- 
power to  put  in  to  drive  a  certain  machine-shop.  Those  who  have 
made  investigations  find  that  the  power  required  to  drive  the  tools 
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in  such  a  shop  is  very  small.  I  have  driven  a  good-sized  machine- 
shop  with,  I  should  think,  not  less  than  twenty  men  at  work,  with 
two  horse-power.  I  have  a  sort  of  a  rule  for  general  work,  which 
of  course  has  to  be  varied  according  to  the  kind  of  work  done  and 
the  character  of  the  tools.  At  an  average  in  ordinary  machine 
work  we  may  calculate  roughly  that  one  horse-power  is  sufficient 
to  drive  machine  tools  necessary  to  keep  ten  men  at  work.  This 
does  not  necessarily,  however,  include  shafting,  engine,  etc.,  nor 
blowers  for  foundry  work. 

Mr.  A.  B.  Couch. — The  question  of  how  much  power  is  required 
to  drive  modern  machine  tools  is  about  as  indefinite  as  any  that 
could  be  put.  (Laughter.)  What  a  machine  tool  is,  is  slightly  in 
doubt.  What  a  modern  one  is,  is  very  much  in  doubt  ;  and  what 
a  modern  machine  tool  is  required  to  do,  is  still  more  so.  It 
appeal's  to  me,  at  least  I  am  in  the  habit  of  regarding  the  matter 
in  that  light,  that  the  power  which  can  be  profitably  and  properly 
supplied  to  any  machine  tool  should  be  measured  by  that  which 
can  be  transmitted  to  it  by  the  belt  by  which  it  is  driven  under 
ordinary  tension  and  under  ordinarily  favorable  circumstances  ; 
that  the  first  thing  that  should  happen,  in  case  too  much  were 
required  of  it,  should  be  the  slipping  of  the  belt.  That  would 
require  a  separate  answer  for  each  individual  tool.  I  cannot  see  how 
it  would  be  possible  to  arrive  at  any  definite  statement  of  the 
power  required  to  drive,  for  instance,  a  given  number  of  planing- 
machines  or  lathes.  For,  in  business  of  some  kinds,  all  of  them 
will  be  in  nearly  continuous  use  and  to  nearly  their  full  capacity; 
while  in  other  cases,  the  duty  demanded  of  them  would  be  light, 
and  perhaps  intermittent. 

The  matter  of  drilling  can  be  considered  somewhat  more 
definitely.  For  instance,  if  the  product  of  the  diameter  of  a  pulley 
in  inches,  by  the  width  of  its  belt,  by  the  ratio  of  its  velocity  to 
that  of  the  spindle,  be  about  sixty,  there  will  be  belt  force  sufficient 
to  drill  one-inch  holes  in  steel.  And  that  product  should  vary 
about  as  the  squares  of  the  diameters  of  the  holes,  since  the  metal 
removed  at  a  revolution  of  the  drill  thus  varies;  and  when  the 
velocity  of  the  drill  appears  as  a  factor,  it  will  be  found  that  the 
velocities  being  nearly  inversely  as  the  diameters,  the  power  re- 
quired will  vary  about  as  the  diameters  ;  and  though  the  force  in- 
volved in  drilling  cast  iron  is  less,  yet,  a  greater  velocity  being 
admissible,  the  power  actually  expended  remains  much  tho  same. 
So  that,  the  work  intended  for  a  drilling-machine  being  known, 
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the  required  power  may  be  stated  very  approximately.  But  as  for 
answering  the  question,  What  amount  of  power  is  requisite  to 
drive  modern  machine  tools,  I  give  it  up.     (Laughter.) 

Mr.  Win.  Kent. — Mr.  Babcock,  I  think,  gave  an  instance  where 
twenty  men  in  a  machine-shop  required  two  horse-power.  I  have 
an  instance  in  my  own  experience  where  the  power  required  was 
only  forty  times  as  much  as  that.  There  was  only  one  workman, 
and  the  tool  was  an  emery  planer.  When  the  steam  pressure 
in  the  boiler  registered  sixty-five  pounds,  the  planer  would  run  ; 
when  it  got  to  sixty  pounds,  the  planer  would  stop  by  slowing 
down  a  four  horse-power  engine. 

Mr.  W.  H.  Doane. — 1  think  we  ought  to  have  the  maker's  name 
of  that  first  engine,  as  well  as  the  manufacturer  of  the  tools,  placarded 
where  we  all  could  see  it,  and  order  a  few  when  we  get  home. 

The  establishment  with  which  I  am  connected,  I  regret  to  say, 
have  not  yet  been  able  to  secure  such  results.  I  do  not  think  it 
possible,  with  two  horse-power,  to  run  any  shop  equipped  with 
modern  iron  tools,  and  do  the  work  sufficient  to  give  employment 
to  ten  men,  or  the  amount  of  work  every  first-class  shop  is  ex pocted 
to  produce  in  a  certain  length  of  time  with  its  tools.  It  may  have 
been  done  twenty-five  years  ago  when  one  eighth  of  an  inch  cut 
in  wrought  iron  with  a  planer  was  considered  unusual.  With 
modern  first-class  tools,  we  are  not  satisfied  with  this  limited 
amount,  and  cuts  even  in  steel  are  made  in  some  cases  now  from 
one  to  two  inches  wide  at  one  cut.  To  do  this  requires  power. 
The  size  of  the  belt  and  its  amount  of  slippage  are  not  the  only 
conditions. 

It  is  well  known  that,  with  two  tools  of  the  same  size,  but  of  differ- 
ent designs,  with  the  same  work  given  to  each  to  do,  the  result  is 
different.  One  requires  more  power  to  displace  the  same  amount 
of  metal  than  the  other.  You  ask,  why  this  is  so  ?  It  may  be 
accounted  for  in  the  more  perfect  construction,  as  well  as  better 
adaptation  for  the  work  which  it  has  to  accomplish,  and  which  gives 
it  greater  ability  to  perform  the  allotted  work. 

The  works  of  J.  A.  Fay  &  Co.  use  fully  one  hundred  and  fifty 
horse-power  to  drive  their  tools,  and*  with  this  power  the  productive 
ability^  of  the  tools  is  about  sufficient  for  furnishing  the  work  for 
four  hundred  men  only,  and  I  think  these  results  about  as  good  as 
the  average  of  best  shops. 

Now,  while  I  am  much  gratified  to  hear  the  report  given  of  the 
success  of  the  two  horse-power  engine,  I  am  also  so  much  sur- 
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prised  to  hear  that  there  are  shops  where  two  horse-power  is  suffi- 
cient to  run  tools  sufficient  to  get  out  the  work  for  so  many  men, 
that  I  would  like  to  secure  the  receipt  for  the  process  and  put  it 
into  application. 

Mr.  Wm.  Kent. — I  want  to  placard  the  name  of  the  man  who 
built  that  four  horse-power  engine.  It  was  Mr.  Babcock.  (Laugh- 
ter.) 

Mr.  Babcock. — Mr.  Chairman,  von  will  allow  me  to  answer  the 
qnestion  of  Mr.  Doane.  The  engine  which  drove  the  machine- 
shop  I  was  speaking  of  was  a  Wilcox  caloric  engine,  which  could 
not  by  any  possibility  do  more  than  two  horse-power,  and  it  drove 
the  shop.  Of  course,  it  was  not  doing  such  work  as  Mr.  Doane  has 
to  do  in  his  shop.  The  power  required  depends  on  the  kind  of 
work  you  are  doing  and  the  tools  used,  so  that  in  general  you 
must  "  cut  and  allow"  more  or  less  if  you  are  going  to  do  close 
guessing.  (Laughter.)  For  instance,  milling  tools  require  more 
power  than  lathes  and  planers,  and  they  will  do  more  work  in  a 
given  time.  I  have  an  example  in  point.  The  Singer  Manu- 
facturing Company  turn  out  a  thousand  or  more  sewing-machines 
per  day.  The  work  is  largely  done  by  special  tools,  very  many  of 
which  are  milling  machines,  and  each  man  attends  a  number  of 
tool?.  There  are  in  the  machining  department  some  2,200  men,  and 
460  horse-power  is  used  to  drive  the  tools.  This  is  nearly  five  men 
to  the  horse-power,  under  circumstances  where  a  minimum  of  men 
for  the  work  done  is  carefully  maintained. 

Mr.  A.  H.  JRaynal. — At  the  works  where  I  am  engaged,  there 
are  employed  about  500  men,  working  at  tools,  which  are  drr.  en 
by  two  engines,  one  of  75  the  other  of  about  30  horse-power. 
The  principal  part  of  this  force  is,  however,  consumed  in  the  trans- 
mission of  power,  and  in  the  driving  of  large  traveling  cranes  and 
elevators.  I  have  tested  the  power  absorbed  by  large  tools  when 
running  loaded,  without  doing  work,  and  again  while  cutting,  and 
have  found  the  difference  hardly  perceptible. 

Mr.  Daniel  Asliworth. — I  agree  with  one  of  the  speakers  who 
preceded  me  in  stating  that  a  small  amount  of  power  will  be  ab- 
sorbed under  ordinary  circumstances.  "When  we  come  to  the  factor 
of  a  fan,  then  that  of  course  changes  very  radically  the  power 
absorbed  in  an  establishment,  and  the  question  brings  to  my  mind 
a  personal  experience  of  my  own.  In  an  establishment  where  it 
was  represented  by  the  maker  that  a  fan  would  take  six  horse- 
power at  a  certain  speed,  an  engine  of  fifteen  horse-power  was  pur- 
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chased  with  a  view  to  introducing  at  a  future  period  an  electric  light 
system.  It  was  found,  when  everything  was  erected,  that  it  was  as 
much  as  a  fifteen  horse-power  engine  would  do  to  drive  this  fan 
alone ;  and  careful  tests  made  showed  that  this  fan  ahsorbed  15yo 
horse-power.  This  is  a  very  common  error  as  regards  rating  the 
power  necessary  to  drive  high  speed  machinery.  Wood-working 
machinery  requires,  of  course,  a  great  deal  more  power  than  that  of 
the  iron  tool  departments.  In  the  case  of  the  Rochester  Tumbler 
Company,  of  Western  Pennsylvania,  a  large  fan  was  rated  as 
needing  twenty  horse-power  to  drive  it,  but  when  tested  it  ab- 
sorbed nearly  fifty  horse-power — 48  and  a  fraction,  I  think.  The 
statement  and  the  tests  were  questioned  very  much,  and  immediately 
afterward  an  independent  engineering  company  tested  that  plant 
again  without  any  knowledge  of  the  previous  test,  and  the  test  re- 
vealed the  fact  that  it  actually  took  fifty  horse-power  to  drive  that 
fan  alone.  So  in  estimating  the  power  necessary  to  drive  these 
tools  there  is  a  wide  departure  from  the  idea  of  driving  simple 
lathes  and  iron-working  tools.  There  is  nothing  so  erroneous,  as 
the  masses  take  it,  as  the  idea  of  the  power  absorbed  in  the  driving 
of  high  speed  machinery  and  fans.  I  know  of  one  case  of  a  fan 
with  a  44-inch  wheel,  driven  at  1 ,005  revolutions,  absorbing  44  horse- 
power. The  engine  to  drive  that  establishment  in  all  its  depart- 
ments would  have  very  little  effort  to  do  it;  but  throw  the  fan 
upon  it  and  it  is  greatly  taxed  ;  so  that  these  points  are  very 
important  in  considering  the  power  necessary  to  drive  machines. 

Mr.  G.  L.  Fowler. — I  have  in  mind  a  little  shop  I  had  charge  of, 
about  which  I  can  give  very  accurate  data.  The  engine  was  a  5"  x 
12",  with  a  cut-off  at  f  stroke.  The  boiler  carried  75  pounds  of 
steam.  We  had  two  lines  of  shafting  not  more  than  20  feet  long 
each,  and  underneath  there  were  a  42-inch  swing  lathe,  two  lathes 
with  20  inches  swing,  and  two  with  10.  Besides  this,  there  was  a 
drill  and  planer  and  a  Sturtevant  fan  capable  of  supplying  the  air 
for  three  ordinary  blacksmith's  forges.  That  engine  would  run 
125  turns  with  perfect  ease,  but  right  near  the  engine  was  a  little 
nine-inch  emery  wheel  belted  down  from  a  countershaft,  which, 
when  thrown  on,  would  lag  the  engine  every  time.  We  had  taken 
all  the  power  out  of  the  engine  we  could  possibly  get,  and  the  addi- 
tion of  a  single  emery  wheel  would  invariably  decrease  the  speed. 

Mr.ArtliurFalkenau. — 'It  is  possible  I  ma}7  be  able  to  give  some- 
thing that  may  be  somewhat  reliable.  I  had  a  shop  out  at  Leadville, 
Colorado,  and  had  an  engine  there  which  I  indicated  at  seventeen 
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horse-power,  running-  all  the  tools,  which  were  three  lathes  of 
ordinary  size,  from  fifteen  to  twenty-six  inches,  planer,  bolt-cntter, 
emery  wheels,  and  a  fan  for  supplying  a  cupola;  and  when  taking 
that  diagram,  I  found  that  it  was  all  I  could  do  to  keep  the  engine 
to  its  work.  But  as  another  gentleman  just  remarked,  fans  generally 
require  more  power  than  is  supposed,  so  that  I  stopped  all  the  ma- 
chinery, suspecting  that  the  fan  was  probably  taking  more  power 
than  everything  else,  and  I  applied  the  power  solely  toward  driving 
the  fan.  It  was  a  Sturtevant  fan  said  to  require  ten  horse-power. 
I  was  satisfied  that  it  required  more,  and  I  found  that  my  fan  took 
about  twelve  horse-power,  leaving  about  five  horse-power  to  drive 
the  tools. 

It  should  be  said,  by  the  way,  that  it  takes  there  a  greater  power 
and  higher  velocity  to  acquire  a  certain  pressure — the  altitude  of 
Leadville  being  ten  thousand  feet — than  it  would  here,  although  in 
that  instance  I  was  not  able  to  verify  the  question,  I  had  occasion 
in  a  smelting  works  to  observe  that.  I  calculated  in  advance  that 
it  should  take  a  higher  speed  and  more  power  than  the  Sturtevant 
people  rated  their  fan  as  needing  at  the  sea  level,  but  the  mining 
engineer  thought  that  he  would  base  his  work  on  the  data  given  by 
the  Sturtevant  people.  When  the  fan  came,  they  had  to  increase 
their  power. 

Mr.  W.  H.  WeigJttman. — From  my  own  experience  I  find  that  the 
answer  to  this  question  depends  considerably  upon  a  second  question 
as  to  who  wants  to  know?  I  had  a  case  some  time  since  in  which 
the  dispute  was  between  a  landlord  and  tenant.  When  the  regular 
measurement  was  made,  all  the  tools  were  apparently  in  good  use 
and  working  to  good  capacity — the  landlord  and  his  representatives 
being  on  hand.  The  test  developed  some  five  horse-power  required. 
Two  or  three  days  later,  thinking  this  five  horse-power  rather  small, 
I  made  a  second  test.  This  time  the  landlord  was  not  around.  1 
found  that  with  the  same  tools  in  operation,  same  busy  appearance 
and  capacity,  there  was  a  demand  for  over  twelve  horse-power. 
Upon  such  experiences  as  this  we  may  safely  affirm  that  the  answer 
to  the  question  under  discussion  depends  greatly  upon  "  who  wants 
to  know  \  " 

The  Chii'irniiin. — I  may  mention  that  in  the  Yale  and  Tuwne 
Works  we  use  from  125  to  150  horse-power,  and  are  in  the  habit 
of  indicating  it  weekly.  By  reason  of  the  large  number  of  fan 
blowers  in  use  through  the  works,  our  constant  resistance,  including 
friction  of  shafting,  etc.,  is  more  than  one  half  of  the  total  power 
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used,  so  that  the  remainder,  which  will  vary  from  60  to  75  horse- 
power, is  all  which  is  utilized  in  the  driving  of  machine  tools. 
We  are  employing  over  five  hundred  hands;  a  considerable  part  of 
the  work  is  light,  but  two  of  the  shops  are  running  on  heavy  work. 
I  agree  with  some  of  the  previous  speakers  as  to  the  tact  that  the 
amount  of  power  required  is  often  overestimated.  Undoubtedly 
it  is  due  in  part  to  the  fact  that  there  is  hardly  ever  a  time  when  all 
the  tools  are  in  operation  at  once;  the  work  is  intermittent  with 
each,  and  is  thus  averaged. 

No.  240.— 34. 

What  are  the  best  conditions  for  flying  rope  for  transmission  of 
power?     Are  there  limitations  to  its  use? 

J//'.  T.  S.  Crane.— In  using  such  ropes,  I  have  been  annoyed  more 
by  the  vibration  of  the  ropes  between  pulleys  than  anything  else. 
If  any  species  of  support  were  put  up  to  catch  it,  I  found  it  would 
cut  it  away.  If  any  one  has  been  able  to  use  such  a  construction 
without  meeting  that  difficulty,  or  has  learned  how  to  overcome  it, 
I  would  be  glad  to  hear  it. 

Mr.  C.  C.  Hill. — I  do  not  know  what  the  effect  would  be  of  what 
I  am  about  to  suggest :  but  a  little  simple  remedy  occurs  to  me 
which  is  sometimes  employed  on  band  saws,  that  is,  to  put  a  disk 
pretty  clcsely  in  contact  with  the  flying  rope  with  its  flat  face 
against  the  rope  and  the  center  of  motion  of  the  disk  either  below 
or  above,  so  that  you  will  have  the  whole  face  of  the  disk  to  wear 
away  instead  of  having  the  groove  in  a  pulley.  It  would  be  con- 
tinually changing  its  face,  and  probably  give  pretty  fair  results.  It 
does  on  band  saws  I  know. 

Mr.  Allan  Stirling. — Some  years  ago,  I  arranged  to  run  a  small 
machine  and  blacksmith  shop  (using  a  power  hammer,  a  fan,  and  a 
few  machine  tools)  from  a  mill  which  was  driven  by  a  large  water- 
wheel.  Wire  rope  transmission  was  adopted  as  the  best  thing.  It 
was  soon  after  it  had  been  brought  out  by  Mr.  Hirn,  and  everything 
was  arranged  to  the  very  best  advantage  from  the  latest  information 
obtainable.  Large  sheaves  with  leather  filling  were  used.  The 
whole  arrangement  proved  unsatisfactory  and  troublesome,  and  the 
ropes  wore  rapidly.  I  have  had  more  experience  of  the  same  kind 
since,  and  my  impression  is  that  the  advantages  to  be  derived  from 
this  mode  of  transmission  have  been  very  much  overestimated. 

Mr.  J.  T.  Hawkins. — In   answer  to  the  question   of   the   first 
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speaker  on  this  subject,  I  would  say  that  I  have  never  seen  any 
experiments  tried  for  the  purpose  of  doing  away  with  the  vibrating 
movement  which  is  generally  found  in  such  ropes,  but  I  have 
observed  them  very  frequently,  and  noticed  that  this  is  a  great 
detriment  to  their  proper  action  ;  but  it  has  occurred  to  me  several 
times  in  connection  with  them  that  the  most  feasible  thing  to  do 
in  such  cases,  to  prevent  that  peculiar  pendulous  motion  they 
acquire,  would  be  to  put  some  guide — either  pulleys  or  some  other 
form  of  lateral  guide — at  certain  points  in  the  length  of  the  rope 
between  the  pulleys.  It  would  break  up  that  oscillating  or  vibra- 
tory movement  which  is  set  up  in  the  rope,  due  to  its  length, 
probably  conjoined  with  its  velocity.  There  appears  to  be  no 
doubt  that  in  such  ropes  we  do  get  something  like  the  vibration 
of  a  musical  string ;  that  there  are  certain  nodal  points  in  them, 
and  a  certain  vibration  is  set  up  as  governed  by  the  tension  of  the 
catenary  and  the  velocity.  The  methods  used  to  avoid  that,  I  notice, 
are  to  place  some  lateral  guiding  object  near  the  pulleys,  and  it 
invariably  fails,  by  the  ropes  cutting  into  the  guide.  It  fails  even  if 
they  put  lateral  pulleys  at  that  point.  The  rope  continues  to  sway 
at  other  points,  simply  because  the}r  do  not  carry  the  point  of 
contact  of  the  lateral  guides  to  the  place  in  the  rope  which  will 
break  up  the  vibrations  of  the  rope  due  to  its  length,  and  the 
condition  of  the  curve  and  the  velocity.  My  idea  is,  that  it  might 
be  advantageous  to  place  one  or  more  lateral  guides  in  such  posi- 
tions as  to  divide  it  up  in  such  a  way  as  to  prevent  the  nodal 
points  forming  under  any  conditions  of  speed  to  which  it  is  sub- 
jected. 

Mr.  C.  J/.  Giddings. — In  the  early  history  of  Sibley  College, 
Cornell  University,  we  had  the  problem  of  transmitting  power  by 
a  f  wire  rope,  a  distance  of  eleven  hundred  feet  from  a  water- 
wheel  in  the  gorge  below,  and  I  remember  very  well  the  difficul- 
ties encountered,  first,  in  putting  up  the  rope,  but  more  especially 
in  maintaining  it,  and  in  keeping  it  in  running  order,  and  in  get- 
ting it  to  last  a  reasonable  length  of  time.  I  regret  that  Professor 
Sweet  is  not  here  to  give  the  facts  connected  with  it.  It  took  us 
in  the  neighborhood  of  two  or  three  years  to  find  out  how  to  run 
that  long  line  and  to  avoid  vibrations,  and  by  repeated  splicing 
and  renewing  of  cables,  and  finding  they  would  last  but  a  short 
time,  we  finally  attempted  to  discover  the  reason  of  this  by  looking 
into  the  cause  of  the  vibrations.  Some  thought  it  was  due  to  the 
wheel  itself,  and   the  professor  suggested  the  idea  of  refilling  the 
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wheels,  then  putting  up  a  rest,  driving  the  shaft  and  its  wheel  by 
any  outside  appliance,  and  turning  the  groove  (with  the  wheel  in 
its  own  bearings)  so  that  it  ran  absolutely  true.  We  found,  in 
putting  the  rope  on  then,  that  there  were  no  vibrations,  and  that 
the  wheel  was  not  the  cause  of  the  trouble,  but  it  was  simphr  due 
to  a  slight  tremor  in  the  groove  of  the  wheel,  and  when  that  was 
turned  true,  it  obviated  nine-tenths  of  the  trouble.  I  have  been 
able,  in  the  last  year  at  our  works,  to  corroborate  this.  We  have 
had  no  trouble  whatever  in  the  vibration  of  the  cable  in  a  span  of 
250  feet,  but  did  have  trouble  from  another  source.  The  cable 
was  used  for  driving  the  machinery  connected  with  a  pneumatic 
molding-machine,  and  we  could  not  afford  to  lose  a  day's  time 
on  it,  and  in  the  extremity  of  the  cable's  parting,  we  put  up  an 
inch  and  a  quarter  Manilla  rope.  After  protecting  that  from  the 
weather,  we  have  obtained  the  most  satisfactory  results  from  it. 
We  find  that  it  is  flexible,  enabling  it  to  endure  the  short  bends 
made  necessary  by  the  location  of  the  driving  pulleys.  It  is  still 
running  very  successfully,  and  its  life  is  not  determined  yet.  To 
be  sure,  the  load  is  not  great,  probably  not  over  22  to  25  horse- 
power; but  I  am  so  happily  disappointed  with  it  that  I  should  not 
think  again  of  putting  up  a  wire  rope  to  drive  the  same  amount  of 
power  the  same  distance. 

Mr.  Crane. — Were  the  ropes  put  in  the  same  sheaves  ? 

Mr.  Giddinqs. — Run  into  the  same  sheaves,  but  with  the  groove 
altered. 

Mr.  Crane. — Made  larger,  I  suppose  ? 

Mr.  Giddings. — Yes,  sir  ;  the  grooves  were  filled  with  alternate 
layers  of  leather  and  rubber  on  end,  and  turned  true  in  their  own 
bearings. 

Mr.  A.  II  Raynal. — I  have  charge  of  three  lines  of  rope  trans- 
mission, which  are  all  in  successful  operation.  The  ropes  have  a 
long  life,  except  at  the  splices,  where  there  is  always  additional 
thickness.  Projecting  fibers  are  pulled  out  in  passing  the  grooves 
of  the  pulleys,  are  torn,  and  the  splice  gradually  wears  out.  The 
quality  of  the  ropes  employed  is  of  the  utmost  importance.  The 
maker  should  know  the  purpose  for  which  they  are  intended,  as 
pliability  more  than  strength  is  the  requisite.  For  a  one  and  a 
quarter  inch  diameter  rope  I  find  a  three-ply  Manilla  preferable 
to  a  four-ply. 

Mr.  A.  C.  Hobbs. — When  I  went  to  the  works  with  which  I  am 
connected,  we  had  a  Manilla  rope  of  about  sixty  feet  crossing  the 
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yard.  Sometimes  it  was  very  good,  and  sometimes  very  bad.  I 
made  up  my  mind  that  it  was  bad  so  often  that  I  got  rid  of  it.  I 
laid  a  shaft  two  and  three-quarter  inches  in  diameter  across  the 
yard,  took  the  Manilla  rope  down,  put  the  shaft  in,  and.  everything 
has  worked  right  ever  since. 

Mr.  E.  R.  Towne. — I  happen  to  have  had  a  somewhat  wide 
experience  with  rope  transmission,  and  it  leads  me  to  concur 
heartily  with  everything  which  Mr.  Giddings  has  said.  The 
trouble  with  wire  rope,  in  nineteen  cases  out  of  twenty,  is  lack  of 
perfection  in  the  parts.  The  rope  is  running  at  a  pretty  high 
speed  usually.  The  wheels  are  also,  of  course,  and  any  original 
irregularity  tends  to  enlarge  and  increase,  and  to  reproduce  itself. 
That  irregularity  may  come  from  slight  eccentricity  of  a  wheel, 
from  slight  want  of  truth  in  the  other  sense — not  being  a  true 
plane — is  still  more  likely  to  come  from  irregularity  in  the  "  fill- 
ing" of  the  rim,  which  is  always  used  for  wire  rope,  usually  rubber, 
although  wood  or  lead  makes  a  better  filling — the  least  irregular 
of  any;  and  these  conditions  set  up  a  vibration  in  the  rope  which 
is  increased,  and  under  some  conditions  I  have  seen  becomes  really 
terrific,  sufficient  to  pull  down  the  structure,  almost,  if  not  checked. 
The  trouble  almost  always  arises  from  want  of  balance,  or  want  of 
regularity,  in  the  parts.  That  corrected,  the  trouble  will  disappear. 
Of  course,  where  the  rope  is  of  great  length,  it  may  be  necessary 
to  put  in  intermediate  idlers  to  take  up  the  slack  of  the  rope. 
Where  that  is  properly  done,  it  tends  to  check  vibration,  and  should 
introduce  no  other  trouble.  As  Mr  Raynal  has  stated,  the  kind  of 
wire  rope  is  a  very  important  factor,  and  persons  proposing  to  use 
wire  rope  transmissions  should  always  study  the  conditions  with 
the  maker  of  the  rope.  A  rope  which  is  to  be  used  for  such 
purposes  is  very  different  from  the  rope  used  for  standing  rigging. 
A  rope  of  small  wire,  and  many  parts  to  the  strand,  is  a  great  deal 
better  than  one  of  large  wire  and  few  parts.  Again  a  soft  core  is 
sometimes  used,  and  is  thought  to  be  advantageous — a  hemp  core 
instead  of  wire.  Where  the  use  of  the  rope  is  in-doors,  and  it  is 
not  exposed  either  to  the  weather  or  to  heat,  my  experience  is,  that 
a  cotton  rope  is  very  much  more  satisfactory  than  a  wire  rope.  It 
involves  a  much  higher  speed,  in  order  to  reduce  the  tension  to 
the  limit  which  is  practicable  with  cotton.  But  the  higher  speed 
brings  with  it  ordinarily  no  difficulties.  The  counter-shafting,  of 
course,  must  be  well  made  and  well  put  up;  fur  I  have  seen  a  case 
of  rope  transmission  fail  where  the  parts  themselves  were  all  good, 
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but  where  the  framing  to  winch  one  of  the  shafts  was  attached 
was  not  sufficiently  stable,  and  a  vibration  was  established  in  the 
driving-wheel  which  was  transmitted  to  the  rope.  "With  cotton 
rope  we  get  rid  of  a  great  source  of  trouble  found  with  wire  rope, 
and  also  a  very  considerable  item  of  expense,  namely,  the  packing 
or  filling  of  the  rims  of  the  wheel.  With  cotton  rope  we  can  use 
cast-iron  wheels,  the  driving  and  driven  wheel  having  a  V-shaped 
groove  in  which  the  rope  nips,  while  the  idlers  have  a  round- 
bottomed  groove  slightly  larger  in  radius  than  the  radius  of  the 
rope,  so  that  the  rope  bottoms  in  it  and  does  not  nip.  The  relative 
speed  which  practice  shows  can  be  utilized  for  these  two  kinds  of 
rope  is  practically  as  two  to  five,  that  is  to  say,  a  wire  rope  run- 
ning at  2,000  feet  a  minute  can  be  replaced  by  a  cotton  rope  run- 
ning about  5,000  feet  a  minute,  the  tension  being  proportionately 
altered.  The  cotton  rope  does  not  so  readily  take  up  the  vibratory 
motion  which  is  complained  of,  and  the  wheels,  being  entirely  of 
metal,  can  be  made  true  in  the  first  place,  and  once  true  will  re- 
main so,  except  as  to  the  wear  of  the  shafts,  and  that  can  be  easily 
taken  care  of.  The  matter  of  splicing  these  ropes  is  of  considerable 
consequence,  and  it  is  not  evely  rigger  even  that  knows  how  to  do 
it.  Two  kinds  of  splice,  which  sailors  and  riggers  use,  are  known 
as  the  long  and  the  short  splice.  The  short  splice  involves  a 
thickening  of  the  rope;  the  two  ends  of  the  rope  are  partly  un- 
coiled, and  are  put  together  and  interlocked  again — laid  up,  as  it 
is  called — cutting  off  of  a  portion  of  the  strands  on  each  end,  but 
the  result  is  a  thickening  of  the  rope  at  the  splice.  In  the  case  of  a 
cotton  rope  about  five-eighths  or  one-half  quarter  in  diameter,  the 
short  splice  would  be,  perhaps,  three  or  four  feet  in  length.  What 
is  technically  known  as  the  long  splice,  on  the  contrary,  is  formed 
by  uncoiling  the  strands  of  the  two  ropes,  removing  an  equal 
portion  from  each,  and  putting  the  two  together  again  and  laying 
up  the  strands  precisely  as  the  original  rope  was  made.  This,  if 
.done  neatly  by  an  experienced  hand,  can  be  so  well  done  as  to  be 
hardly  perceptible,  not  at  all  perceptible  when  the  rope  is  in 
motion.  A  long  splice  in  such  a  rope  as  I  have  spoken  of,  should 
be  not  less  than  fifteen  feet,  and  it  should  always  be  resorted  to 
with  high  speed  ropes,  for  the  reason  that  any  thickening  of  the 
rope  at  the  splice  tends  to  establish  vibration  of  the  rope  itself  and 
of  the  wheels.  It  involves  a  serious  shock  or  blow  to  the  wheels 
each  time  that  the  splice  passes  over  them,  and  that  itself  tends 
to  disturb  the  balance  of  the  wheels  and  causes  trouble.     So  far  as 
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my  experience  goes,  where  the  circumstances  admit,  cottpn  rope  is 
more  satisfactory  than  wire,  but,  with  a  proper  proportion  of  the 
parts  and  reasonable  care  in  maintaining  their  condition,  either  can 
be  resorted  to  with  entire  confidence.  All  that  is  required  is  good 
workmanship  and  proper  attention  and  care. 

Mr.  Raynal. — Do  you  use  any  soaps  on  your  cotton  rope — 
I  mean  a  mixture  of  tallow  and  black-lead,  or  something  of  that 
sort  ? 

The  Chairman. — Always ;  we  use  not  tallow,  but  beeswax, 
which  is  much  better  than  tallow.  The  purpose  of  any  dressing  on 
a  cotton  rope  is  simply  to  prevent  the  fiber  from  rising,  and  also, 
to  some  extent,  to  prevent  the  absorption  of  moisture  by  the  rope. 
This  coating  is  water-proof,  practically,  and  it  keeps  the  interior  of 
the  rope  in  a  perfectly  dry  condition.  1  have  taken  a  cotton  rope 
which  has  run  for  more  than  a  year,  which  is  perfectly  black  on  the 
outside,  looking  like  a  bar  of  iron,  with  a  smooth  polished  coat,  and 
on  cutting  it  squarely  across,  it  would  show  the  entire  interior  of  the 
rope  to  be  as  clean  as  the  day  it  was  made,  the  coat  of  beeswax  and 
black-lead,  with  a  little  tallow,  serving  to  protect  the  core. 

Mr.  W.  E.  Partridge. — At  the  town  of  Proctor,  in  Vermont,  ropes 
have  been  used  largely  in  transmitting  power  from  central  stations 
over  considerable  distances,  for  the  purpose  of  running  mills  for 
sawing  marble,  carrying  power  to  derricks,  hoisting  and  various 
purposes  in  and  about  a  marble-sawing  establishment  and  quarry. 
The  distances  there  were  great;  the  angles  were  sometimes  very 
sharp,  in  one  case  up  a  hill  at  an  angle  of  45  degrees,  and  unless  the 
rope  was  completely  protected,  no  amount  of  balancing  which  they 
were  prepared  to  do  would  prevent  disastrous  whipping  in  the 
winds  of  the  winter  and  spring.  In  other  seasons  of  the  year  they 
had  more  or  less  trouble  with  it.  They  transmitted  power  up  a 
bank  from  the  top  of  a  75-foot  tower,  and  while  I  do  not  know  the 
exact  amount,  it  was  the  power  of  a  turbine  supplied  by  a  penstock 
six  feet  in  diameter,  and  a  head  of  water  of  something  like  fifty  or 
sixty  feet.  The  shaft,  I  think,  was  six  inches  in  diameter;  the 
conditions  were  rather  peculiar ;  the  tower  in  which  the  turbine  was 
placed  was  at  the  bottom  of  a  ravine,  from  the  top  of  which  the 
power  was  to  be  taken  up  a  bank  275  feet,  I  think,  at  an  angle  of 
approximately  45  degrees.  The  bank  goes  down  very  sharply. 
The  rope  having  failed  completely,  they  laid  a  shaft  from  the  tower 
up  the  bank  to  the  mill ;  it  was  four  or  five  inches  in  diameter,  had  ex- 
pansion couplings  and  thrust-blocks  in  each  bearing.    It  was  carried 
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in  a  house  extending  the  whole  distance,  the  lower  part  of  which 
was  carried  on  a  truss.  Their  problem  was  to  extemporize  a  pro- 
peller shaft  of  extraordinary  length  and  running  in  very  curious 
conditions.  While  the  top  of  this  building,  which  is  stone,  was 
perfectly  firm,  and  they  had  a  fairly  firm  foundation  on  half  way  up, 
they  had  never  taken  pains  to  balance  their  shaft  properly.  The 
rule  in  a  marble  quarry,  which  is  applied  to  everything  around  it, 
is,  that  it  has  to  run  until  it  is  cut  out  or  absolutely  refuses  to  turn, 
and  then  it  is  replaced  by  something  else.  A  wire  rope  sometimes 
gives  out  and  will  not  run  to  its  last  strand,  and  so  at  present  I 
think  there  is  only  one  rope  transmission  in  the  town.  The  power 
is  run  from  the  top  of  the  thirteen  lengths  of  this  shaft,  by  a  line 
shaft  the  whole  length  of  the  mill ;  there  is  a  cross  line  of  shafting 
of  several  feet,  and  another  line  across  the  yard  at  right  angles  to 
it  of  75  or  100  feer.  This  is  supported  on  the  trusses,  and  fur- 
nishes power  for  a  large  mill. 

The  shafting  can  be  forced  to  work  under  all  conditions,  but  the 
wire  rope  in  a  gale  of  wind  became  unmanageable*  and  suspended 
operations. 

Mr.  P.  A.  Sanguinetti. — The  ground  has  been  so  well  covered 
with  regard  to  the  good  workmanship  necessary  to  produce  good 
results  with  wire  rope,  that  I  will  not  add  any  more  to  the  discus- 
sion in  that  direction.  But  I  would  like  to  refer  to  a  fact  which 
has  come  under  my  notice,  namely,  that  phosphor  bronze  has  been 
used  in  the  manufacture  of  wire  rope.  It  is  more  pliable  when  so 
applied  than  iron  or  steel,  and  when  it  is  worn  out  or  broken,  it  can 
be  melted  up  and  drawn  out  again,  the  makers  allowing  50$  on  the 
price  of  the  rope  for  the  old  metal.  Cables  of  raw  hide  have  also  been 
used  ver}T  successfully  for  the  transmission  of  power.  I  know  of  a 
shipbuilding  establishment  in  Europe  where  a  50-ton  traveling  crane, 
mounted  over  a  dock  300  feet  long,  was  operated  with  a  raw-hide 
cable  about  1£"  in  diameter,  and  it  worked  continuously  for  more 
than  five  years  without  showing  any  signs  of  wearing  away. 

Prof.  Eutton. — I  might  add,  Mr.  Chairman,  that  the  members 
will  find  in  the  Library  of  the  Mechanical  Engineers  a  recent  contri- 
bution by  Prof.  Eenleaux  to  this  question  of  wire  rope  and  Manilla 
rope  transmission,  where  the  principle  is  carried  to  an  extreme. 
Prof.  Eenleaux  proposes  that,  starting  from  the  central  source  of 
power,  the  rope  shall  be  endless,  going  all  over  the  building,  finish- 
ing at  the  end.  The  paper  is  in  German,  but  I  think  before  long 
a  translation  of  it  will  be  accessible  to  the  members.  But  it  cer- 
21 
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tainly  shows  that  he  at  any  rate  has  thought  of  carrying  the  thing 
a  good  deal  farther  even  than  we  have  dared  to  do  on  this  side  of 
the  water. 

Mr.  W.  F.  Durfee. — There  is  one  form  of  rope  transmission 
which  is  not  very  generally  known ;  I  refer  to  the  form  used  in 
manufactories  of  cordage.  There  are  many  "  rope-walks,"  which 
are  one-quarter  of  a  mile  in  length,  in  which  the  whole  power  for 
•'twisting"  and  "  laying  up  "  the  ropes  is  conveyed  from  one  end 
of  the  building  to  the  other  by  ordinary  Manilla  ropes.  Starting 
from  a  driving  pulley,  or  its  equivalent,  near  the  source  of  power 
at  one  end  of  the  building,  the  rope  passes  to  the  other  end,  sup- 
ported at  intervals  by  grooved  pulleys,  turning  in  standards 
bolted  to  the  floor; — thence  returning,  it  is  taken  three  or  four 
times  around  a  conoidal  head,  or  a  series  of  horns,  on  the  extremity 
of  the  driving  shaft  of  the  rope-twisting  engine,  and  thence  the 
rope  passes  to  and  around  a  pulley  on  a  weighted  tightening  frame, 
and  then  in  its  original  direction  to  the  driver  whence  it  started. 
Endless  Manilla  ropes  have  been  used  in  the  way  described  with 
great  success  for  the  past  fifty  years,  and  it  would  practically  be 
impossible  to  run  the  older  form  of  rope-walk  without  this  method 
of  transmitting  the  required  power.  The  use  of  ropes  or  cords  for 
transmitting  power,  instead  of  being  a  modern  invention,  is  among 
the  oldest  known  mechanical  devices,  and  was  used  for  that  pur- 
pose long  before  the  invention  of  leather  belts.  The  earliest  ap- 
plication of  ropes  or  cords  as  power  conveyers  is,  doubtless,  found 
in  the  bow-string  of  the  savage  races.  We  then  find  the  cord  used 
in  the  primitive  reciprocating  mandrel  lathe  and  in  the  bow-string 
drill,  followed  by  its  employment  in  the  modern  rotating  lathe 
and  spinning-wheel,  and  ropes  for  the  lC running  rigging"  of  ships, 
and  for  funicular  machinery  generally,  which  have  been  used  from 
the  beginning  of  history.  Among  the  more  modern  applications  of 
ropes  as  power  conveyors,  has  been  classed  the  use  of  moving 
cables  as  actual  bearers  of  burdens  from  place  to  place  ;  but  this, 
even,  is  much  older  than  is  generally  supposed. 

In  a  work  published  in  London  in  the  year  1702,*  we  find  the 

*  Mechanic  Powers;  or.  the  Mystery  of  Nature  and  Art  unveil'd.  Show- 
ing what  Great  Things  may  be  perform*d  by  Mechanick  Engiues,  in  remov- 
ing and  raising  Bodies  of  vast  Weights  ;  with  little  Strength  or  Force  ;  and  also 
the  making  of  Machines  or  Engines,  for  raising  of  Water,  draining  of 
Ground?,  and  several  other  Use?.  Together,  With  a  Treatise  of  Circular  Mo- 
tion   artificially  fitted  to  Mechanick  use,   and  the  making  of  Clock-work,  and 
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cut  reproduced  in  Fig.  92,  and  the  following  description  :  "  Let  the 
mountain  or  hill,  or  heap  of  stones  be  A,  to  be  removed  to  the  place 
B  ;  to  save  time  in  going  and  qf  Fig.  92, 

returning  from  one  place  to  the 
other,  as  also  that  the  motion 
whereby  the  earth  or  stones  is 
transferred  from  A  to  B  may  be 
swift,  we  make  use  of  the  follow- 
ing industry:  Erect  at  the  foot 
of  the  mountain  or  in  its  middle, 
a  great  and  solid  wooden  col- 
umn, or  piece  of  timber,  C  I), 
and  erect  such  another  in  13,  viz.,  E  F,  affix  at  the  top  of  each 
piece  or  column,  the  wheels  D  and  F,  and  make  hollow  each  wheel  in 
the  circumference,  and  put  about  them  a  great  strong  rope,  extended 
parallel  to  the  horizon;  but  if  the  distance  from  A  to  B  be  great, 
least  the  rope  should  be  too  much  stretched  or  bent,  raise  other  such 
like  pieces,  or  columns,  in  the  middle,  with  their  wheels  made 
hollow,  as  aforesaid,  to  sustain  the  rope  parallel  to  the  horizon  ;  on 
the  rope  thus  doubled,  here  and  there  hang  baskets,  which  must  be 
so  far  distant  from  each  other  that  they  hinder  not  one  another;  and 
the  ends  of  the  pieces  must  be  so  placed  that  the  power  applied  to 
the  levers  Gr  and  H  may  be  turned  about  their  centers,  for  so  the 
whole  rope,  with  the  baskets  hanging  on  it,  will  be  turned  about 
successively.  Wherefore,  if  men  keep  filling  the  baskets  in  A,  and 
others  unload  them  in  B,  the  whole  hill  will  be  easily  transferred 
from  A  to  B.  Where  note,  that  the  greater  the  wheels  D  and  F 
are,  the  swifter  the  rope  and  baskets  will  be  turned  about ;  which 
motion  about  the  axis,  or  piece  of  timber,  being  easy,  may  be  accom- 
plished by  means  of  short  leavers,  that  so  the  motion  of  the 
baskets  may  be  greater  than  the  motion  of  the  power  about  the 
piece  of  timber.  Besides  the  saving  of  labor,  and  the  gaining  of 
time,  which  is  effected  by  this  engine,  it  hath  likewise  this  conven- 
iency,  that  if  between  the  two  places,  A  and  B,  there  should  be  a 
river  or  stream,  or  such  like  inaccessible,  as  if  the  earth  were  to  be 


other  Engines.  A  work  pleasant  and  profitable  for  all  soits  of  Men,  from  the 
highest  to  the  lowest  Degree  :  And  never  treated  of  in  English  but  once 
before,  and  that  but  briefly. 

The  whole  comprised  in  Ten  Book?,  and  illustrated  with  Copper  Cuts.  By 
Venteri  Mandey,  Philomat.  London.  Printed  for  Tho.  Shelmerdine,  at  the 
Rose  tree,  and  Tho   Ballard,  at  the  Bising  Sun  in  Little  Brittain,  1702. 
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transferred  from  a  mound,  or  hill,  to  the  next  adjoining  fields,  and 
there  were  a  large  deep  mote  or  ditch  between  them,  you  could 
scarcely  obtain  your  desire  any  other  way/' 

No.  240.— 35. 

"What  is  the  practical  value  of  the  sand-blast  process  for  sharpen- 
ing old  and  new  files  \ 

Mr.  Chas.  N.  Trump. — The  sand-blast  has  a  very  great  ad- 
vantage in  the  sharpening  of  either  new  or  old  files.  As  applied 
to  new  files,  it  has  the  effect  of  removing  the  burr  which  is  formed 
by  the  chisel,  thereby  preventing  the  future  breaking  of  the  teeth, 
and  in  addition  to  the  sharpening  of  the  teeth  it  adds  about  fifty 
per  cent,  to  the  life  of  the  file  in  use.  Re-sharpening  in  the 
majority  of  instances  will  cause  the  file  to  do  more  work  than  a 
new  file  not  sand-blasted  ;  and  if  again  applied  to  the  same  file, 
the  second  re-sharpening  will  cause  it  to  do  more  work  than  the 
first  sharpening.  I  have  records  of  files  which  were  tested  in 
Trump  Brothers'  shop,  and  in  the  shops  of  the  Betts  Machine  Com- 
pany, and  the  English  records  are  also  in  print ;  I  know  nothing 
of  the  last  except  in  that  way.  The  files  which  I  have  tested 
through  the  hands  of  workmen  in  our  own  shop  (I  refer  particularly 
to  what  is  ordinarily  known  as  a  mill-saw  file)  were  taken  new  to 
finish  pieces  which  were  first  turned  to  gauge,  merely  to  put  a  sur- 
face on  them.  The  amount  of  surface  finished  was  44f  square  feet. 
That  file  was  sand-blasted  after  it  was  too  dull  to  use,  probably  at  a 
cost  of  a  cent  and  a  half.  The  result  of  that  test  of  the  file  was  66 
feet  of  surface.  The  second  re-sharpening  enabled  it  to  finish  107 
feet.  It  was  simply  brushed  up  the  third  time,  finishing  31  feet. 
The  following  statement  shows  the  details  of  the  test : 

No.  1.  New  American  file  (not  sand-blasted)  finished  the  surface  of  five  pulleys, 
14    x  4"  face  diam. 

No.  2.  Worn  "  Moss  and  Gambel''  file,  re-sharpened  by  sand-blast,  eleven  pul- 
leys, 14"  x  4"  face  diam. 

Xo.  3.  New  "  Spencer"  file,  not  sand-blasted,  three  pulleys,  14  '  x  4"  face  diam. 

Nos.  1  and  3,  re-sharpened,  did  about  equal  amounts  of  work  on  a  second  lot 
of  larger  pulleys. 

No.   3  was  probably  soft. 

Files  tested  in  Betts  Machine  Co.'s  shops. 

About  double  the  quantity  of  metal  is  removed  by  the  same  mini 
ber  of  strokes  under  the  same  pressure  by  the  new  file,  which  is 
sand-blasted,  as  compared  with  the  file  as  it  comes  from  the  temper- 
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ing  bath.     The  process  is  merely  one  of  grinding.      It  does  not 
amount  to  anything  more  than  that. 

Mr.  H.  R.  Towne. — In  regard  to  the  present  subject,  I  can  say 
that  in  the  Yale  &  Towne  works  we  have  adopted  the  sand-blast 
for  sharpening  files,  and  have  had  it  in  use  for  some  six  months 
with  very  satisfactory  results,  but  I  am  not  able  to  state  any  per- 
centage of  economy.  There  is  an  unquestioned  value  in  applying  it 
to  new  files.  A  new  file  will  wear  longer  by  sand-blasting  it  before 
you  begin  using  it.  The  reason  for  this  is  very  simple.  The  edge 
of  the  tooth,  as  cut  by  the  chisel,  has  a  little  burr  left  upon  it — a 
thin  fin  of  metal,  and  this  fin,  as  soon  as  the  file  is  put  into  use, 
bends  down  and  clogs  the  cutting  edge,  just  as  a  thin  fin  of  metal 
on  the  edge  of  a  chisel  would  bend  over  and  dull  it.  The  sand- 
blast removes  this  thin  fin  of  metal  and  leaves  a  fine,  sharp  edge. 
Examining  a  file  which  has  been  used,  you  find  somewhat  the  same 
effect — a  burr  raised  on  the  edge  of  the  teeth  ;  subjecting  it  to  the 
sand-blast  removes  this  burr.  Of  course,  there  is  a  limit  to  the 
number  of  times  that  this  can  be  done,  as  the  teeth  gradually  decrease 
in  depth,  and  the  file  becomes  useless. 

It  would  be  very  interesting  if  any  one  could  tell  us  from  records 
what  the  actual  economy  of  the  process  is,  so  as  to  compare  that 
with  the  cost  of  providing  the  apparatus. 

Mr.  F.  W.  Taylor. — In  the  Mid  vale  Steel  Company  we  have  had 
the  sand-blast  in  use  between  three  and  five  years.  During  that 
time,  our  works  have  largely  increased  in  size;  and  our  file  bills 
have  been  less  since  having  the  sand-blast  in  use  than  they  were 
before.  Just  what  the  economy  is  I  don't  know.  We  have  experi- 
enced a  very  decided  economy  in  its  use,  however. 

Prof.  J.  B.  Webb. — The  explanation  which  you  have  made  natu- 
rally raises  the  question  as  to  the  comparative  value  of  this  process 
and  the  method  of  taking  off  the  burr  by  biting  the  file  with  acid. 

The  Chairman. — That  is  being  done,  Professor  Webb.  I  am  not 
able  to  answer  from  experience  with  both;  but  I  can  say  I  looked 
into  both  before  adopting  either,  and  was  quite  satisfied  that  the 
sand-blast  was  better  to  adopt. 

Mr.  Trump. — I  think  I  can  give  some  points  in  reference  to  the 
acid  process.  The  Singer  Sewing  Machine  Company,  at  the  time 
the  apparatus  was  put  up  there  for  sand-blasting  files,  concluded  to 
try  a  process  which  was  introduced  by  one  of  their  chemists,  which 
was  the  application  of  a  galvanic  battery  in  connection  with  the 
acid  for  eating  away  the  teeth  of  the  file,  and  he  thought  that  he 
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had  accomplished  the  purpose  so  that  the  sand-blast  was  thrown 
out.  Since  that  time,  a  large  lot  of  files  was  put  on  the  market,  but 
it  was  found  that  they  were  files  that  had  been  bought  as  scrap 
from  the  sewing-machine  company  ;  they  had  been  sharpened  by 
that  acid  process,  rejected,  and  sold  as  old  iron.  Some  sharp  man 
got  hold  of  them  and  put  them  on  the  market  as  new  files. 

Mr.  W.  H.  Doane. — I  would  like  to  ask  Mr.  Trump  to  state  what 
amount  of  power  is  necessary  to  drive  a  sand-blast  machine  for  sharp- 
ening a  file  up  to  its  full  capacity. 

Mr.  Trum/p. — I  can  auswer  that  question  in  several  ways.  The 
pressure  is  of  considerable  importance;  from  65  to  75  pounds  will 
work  nicely,  90  or  even  100  pounds  is  better.  The  amount  of 
power  required  is  given  by  Tilghman  in  some  of  his  experiments 
in  England  as  being  about  six  horse-power.  I  have  run  the  sand- 
blast, and  run  it  effectively,  from  an  agricultural  boiler  out  West 
which  was  rated  at  six  horse-power.  In  our  own  factory  we  used 
a  twelve  horse-power  boiler,  and  we  supposed  that  we  were  using, 
about  eight  horse-power  for  the  shop.  At  noon,  which  is  the  time 
that  I  sometimes  take  for  sand-blasting  files,  I  have  had  to  close 
the  ash-pit  doors  in  order  not  to  have  the  steam  run  up  on  me  too 
high.  I  think  Park  Benjamin  wrote  an  article  for  the  American 
Encyclopcedia  in  reference  to  this  matter.*  He  gives  four  as  the 
horse-power  required.  The  application  of  the  blast  to  the  file  is  an 
intermittent  one,  so  that  the  steam  is  not  actually  being  used  more 
than  half  the  time,  while  the  operator  is  standing  by,  as  the  file 
must  be  tested,  and  perhaps  taken  out  of  the  holder  more  than  once. 

Mr.  Doane. — We  carry  eighty. pounds  of  steam  on  our  Babcock  & 
Wilcox  boiler,  but  did  not  get  the  best  results.  We  supposed  it 
was  because  the  apparatus  used  so  much  steam  that  it  reduced  pres- 
sure below  what  we  desired  to  carry.  Not  having  a  sufficient  steam 
pressure,  we  estimated  it  took  about  twelve  to  fifteen  horse-power  to 
work  it  properly. 

I  asked  the  question  for  information,  as  we  have  not  been  able  to 
obtain  quite  as  good  results  as  we  had  anticipated. 

Mr.  G.  II.  Babcock. — If  the  gentleman  will  tell  us  the  size  of 
opening  required  with  a  given  pressure  of  steam,  we  could  tell 
approximately  how  much  steam  will  be  used. 

The  Chairman. — If  Mr.  Trump  will  allow  me,  I  can  answer  that 
question  briefly.  In  the  first  place,  the  apparatus  is  driven  by  a 
direct  jet  of  steam.     There  is  no  intermediate  mechanism,  and  a 

*  Appleton's  Cyclopedia  of  Applied  Mechanics.     Page  C92,  Vol.  2. 
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small  valve,  I  think,  of  not  over  |-inch  pipe  is  used  for  the  steam 
connection,  and  the  valve  is  opened  a  very,  small  way  the  most  of 
the  time. 

Mr.  Babcock. — Does  the  steam  escape  through  an  open  pipe  or 
through  a  small  nozzle  ? 

The  Chairman. — The  steam  is  delivered  through  an  injector,  so 
that  a  combined  column  of  steam  and  sand  is  thrown  on  the  file. 

Mr.  Babcock. — But  there  is  a  certain  amount  of  opening  in  the 
ejector '{ 

Mr.  Trump. — A  quarter  of  an  inch. 

Mr.  Babcock. — According  to  Rankine's  ready  rule,  the  steam 
flowing  out  of  an  opening,  into  a  pressure  less  than  two-fifths  of 
the  original  pressure,  will  be  equal  to  one  seventieth  of  the  absolute 
pressure  in  pounds  per  second,  per  square  unit  of  area.  That  is, 
with  a  pressure  of  seventy-live  pounds,  or  ninety  pounds  absolute, 
If  pounds  of  steam  per  second  will  flow  through  an  inch  of  area ; 
with  a  quarter  of  an  inch,  it  would  be  one-sixteenth  of  that,  or  in 
round  figures,  ^  of  a  pound  per  second.  This,  multiplied  by  3,600 
and  divided  by  30,  will  give  the  horse-power  of  steam  which  that 
opening  would  deliver.  These  figures  give  ten  horse-power,  which 
would  be  reduced  slightly  by  the  friction  of  the  passage. 

No.  240.— 36. 

How  should  a  laboratory  of  mechanical  engineering  be  equipped? 

Prof.  Gaetano  Lanza. — The  equipment  of  a  mechanical  engineer- 
ing laboratory  must  depend  on  the  more  fundamental  question  as  to 
what  are  the  objects  to  be  accomplished  by  such  a  laboratory.  Of 
course,  the  requirements  of  different  schools  will  make  more  or  less 
difference,  but  it  seems  to  me  that  the  tendency  of  the  age  points 
to  specializing  as  much  as  we  can,  and  the  more  specializing  we  do, 
as  a  rule,  the  better  we  can  do  our  work.  Consequently  when  I 
speak  of  a  mechanical  engineering  laboratory,  I  do  not  mean  a  shop 
nor  a  laboratory  where  shop  work  is  taught.  I  believe  thoroughly 
in  the  importance  of  shop  work  for  the  student,  but  a  mechanical 
engineering  laboratory  is  a  separate  thing  from  that.  In  my  own 
case, I  make  also  a  distinction  between  the  mechanical  engineering 
laboratory  and  the  laboratory  of  applied  mechanics  which  is  devoted 
to  testing  the  strength  of  materials ;  nevertheless,  what  1  have  to 
say  will  apply  to  this  latter  also. 

I  think  that  the  objects  of  the  mechanical  engineering  laboratory 
are  three.     The  first  is,  of  course,  the  education  of  the  students, 
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and  the  thing  of  first  importance  is,  that  the  student  should  receive 
instruction  in  that  class  of  work  which,  as  an  engineer,  he  is  very 
liable  to  be  called  upon  to  perform.  He  should  learn  how  to  make 
boiler  tests,  engine  tests,  dynamometrical  measurements,  calorimeter 
tests,  and  such  other  work  as  an  expert  engineer  is  constantly  liable 
to  be  called  upon  to  perform  in  the  industrial  world.  He  must 
become  a  careful  and  accurate  observer,  be  able  to  get  his  results, 
to  work  them  out,  to  draw  his  conclusions  without  bias  and  without 
prejudice.  The  above  is  of  course  the  first  thing  that  a  laboratory 
must  accomplish. 

The  second  object  is,  it  seems  to  me,  to  teach  the  students  to  make 
original  investigation.  Taking  up  some  subject  which  needs  investi- 
gation, they  should  seek  to  determine  what  experiments  are  needed, 
and  then  proceed  to  make  them,  and  from  them  deduce  correct 
conclusions. 

The  third  object  is  that  of  carrying  on  investigation  in  the  labor- 
atory. Xow,  in  carrying  on  investigation  when  you  have  a  large 
number  of  students,  you  have  at  any  rate  a  large  number  of  hands 
to  use,  and  can,  therefore,  make  investigations  which  can  not  be  made 
well  in  other  places. 

The  three  objects  then  it  seems  to  me  are :  first,  to  teach  the 
student  to  make  such  tests  as  he  will  have  to  make  when  he  goes 
into  the  practice  of  his  profession,  giving  him  such  a  drill  as  will 
make  him  a  reliable  experimenter;  secondly,  to  teach  him  to  make 
investigations;  and,  thirdly,  to  carry  on  investigations  on  engineer- 
ing subjects  and  publish  results.  The  equipment  must  be  such  as 
to  enable  us  to  accomplish  those  objects.  One  of  the  requisites  is, 
that  the  machinery  and  the  apparatus  used  should  be  on  a  practical 
scale.  It  does  not  do  to  make  tests  in  miniature,  as  such  tests  do 
not  generally  give  results  applicable  to  practical  cases.  As  to  the 
details  of  the  equipment,  this  will  be  determined  by  the  objects  to 
be  accomplished,  and  the  means  of  the  institution.  If  steam  work 
is  to  be  done,  there  should  be  as  many  and  as  large  engines  as  the 
institution  can  afford  ;  there  should  be,  of  course,  dynamometers, 
brakes,  indicators,  gauges,  and  other  needed  apparatus,  such  as  will 
readily  suggest  itself  at  once  to  any  of  you,  and  there  should  be  the 
apparatus  needed  for  the  work  and  for  the  lines  of  investigation 
which  it  is  decided  to  pursue,  for  the  number  of  possible  lines  of 
investigation  is  almost  infinite.  In  my  own  laboratories,  we  have 
undertaken  several  steam  investigations;  also,  investigations  on 
belting,  strength  of  materials,  etc.     The  institution  ought  to  take 
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up  just  as  much  as  it  can  do  thoroughly,  and  then  it  would  be  very 
desirable  if  there  were  a  number  of  laboratories  in  different  parts 
of  the  country,  all  pursuing  investigations  in  mechanical  engineer- 
ing subjects,  and  keeping  a  correspondence  with  each  other,  so  as  to 
play  into  each  other's  hands,  and  thus  by  their  united  efforts  to 
accomplish  much  more  than  could  possibly  be  done  by  one  alone. 

Prof.  G.  I.  Alden. — It  seems  to  me  that,  as  has  been  said,  the 
equipment  must  be  such  as  to  enable  you  to  carry  out  the  work  you 
are  required  to  do.  I  thought,  upon  seeing  that  topic,  that  the  en- 
gineers here  might  perhaps. make  some  suggestions  which  would  be 
valuable  to  teachers  in  the  schools,  by  showing  what  kinds  of  work 
they  would  like  to  have  graduates  able  to  do  when  they  come  out 
to  work  for  them  ;  and  seeing  that  our  time  in  technical  schools  is 
very  limited,  they  might  aid  us  by  suggesting  what  kinds  of  me- 
chanical laboratory  work  should  take  precedence  of  other  kinds  in 
the  short  course.  Of  course,  if  the  technical  schools  could  keep 
their  students  longer,  and  have  time  to  enter  in  small  classes  into 
investigations,  that  would  be  a  thing  they  would  like  very  much  to 
do,  but  cannot  now  do  to  any  great  extent.  If  the  practical  engineers 
present  would  say  what  they  would  like  to  have  the  graduates  know 
of  engineering,  each  one  in  his  own  department,  it  might  possibly 
be  suggestive  to  teachers  as  to  what  they  should  attempt  in  starting 
a  laborato7-y,  which,  I  understand  with  Professor  Lanza,  is  not  a 
shop ;  it  is  an  entirely  different  department.  These  suggestions 
would  be  valuable  to  teachers  as  indicating  what  they  should  do  first 
in  steam  engineering,  electrical  engineering,  strength  of  materials, 
and  various  other  investigations  of  that  kind — and  how  in  importance 
these  subjects  are  related  one  to  the  other. 

The  Chair/nan. — In  answer  to  Mr.  Alden's  question,  all  that  can 
be  said,  I  think,  is  that  the  field  of  investigation  is  too  wide  and  too 
varied,  in  different  shops  and  under  different  circumstances,  to 
specify  easily  what  the  student  is  likely  to  be  wanted  to  do  after 
he  has  graduated.  The  main  thing  is,  to  teach  him  how  to  do  any 
experimental  work  which  may  be  wanted ;  to  teach  him  how  to 
reason  and  investigate,  and,  after  all,  that  is  the  chief  aim  of  almost 
all  instruction  ;  it  is  not  alone  the  teaching  him  how  to  do  the  school 
work,  but  how  to  do  other  work. 

No.  240.—  37. 

What  are  the  best  problems  for  students  in  mechanical  engineer- 
ing in  the  last  year  of  their  regular  course  ? 
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Mr.  T.  S.  Crane. — In  my  experience  in  carrying  on  a  consult- 
ing business  and  designing  machinery  for  various  purposes,  I  have 
frequently  had  assistants  who  were  graduates  of  technical  schools. 
I  found  that  they  were  constantly  embarrassed  in  attempting  to 
design  anything,  by  not  knowing  the  proportion  of  various  parts, 
and  it  has  occurred  to  me  if  they  could  be  forced  to  exercise  their 
originality  in  the  last  year  of  their  course,  in  making  various  de- 
signs for  various  purposes,  and  having  an  instructor  competent  to 
point  out  the  defects  in  those  designs,  they  might  be  helped  to 
think  and  use  their  knowledge  more  usefully  afterward.  I  do  not 
know  how  long  it  would  take,  or  how  much  time  could  be  allotted 
in  an  ordinary  course ;  but  if  the  student  could  be  required 
to  design  a  pedestal,  for  instance,  to  design  a  train  of  gearing,  to 
design  some  simple  tool,  to  design  the  simplest  form  of  turning- 
lathe,  or  the  simplest  form  of  planing  machine  that  he  could  think 
of,  and  throw  in  the  strength  of  the  metal  in  different  parts 
according  to  his  own  judgment,  some  one  of  experience  might  point 
out  the  defects.  It  seems  to  me  that  a  few  days  would  suffice  for 
a  student  to  sketch  out  some  design  such  as  that,  and  the  criticism 
which  he  would  afterwards  receive  would  be  extremely  valuable  to 
him. 

Mr.  Win.  Kent. — This  subject  is  very  much  like  the  one  in  the 
thirty-sixth  question.  It  is  a  very  large  one.  The  problems  are 
so  many  that  you  can  not  get  them  in  in  the  last  year.  The  teach- 
ing of  designing,  I  should  say,  ought  not  to  be  done  in  the  last  year, 
but  in  the  junior  year ;  but,  unfortunately,  on  account  of  the  de- 
fects in  our  educational  systems,  before  the  students  get  into  the 
technical  schools,  they  do  not  know  enough  of  drawing,  of  geome- 
try or  anything  of  that  kind,  so  that  you  have  to  spend  the  first  two 
years  in  giving  them  elementary  instruction  in  geometry  and 
drawing  before  they  can  enter  into  a  course  of  designing.  As  Mr. 
Crane  has  pointed  out,  even  after  they  have  graduated  they  have 
not  got  the  instruction  in  designing.  We  ought  to  begin  down  at 
the  beginning,  in  the  primary  schools,  almost,  to  educate  the  boys  to 
think  with  pencils  in  their  hands.  Starting  thus  early  with  ele- 
mentary drawing,  we  may  be  able  to  expect  that  in  the  technical 
schools  we  can  teach  designing  in  the  junior  year.  I  think  that 
in  the  senior  year  we  should  pick  out  the  problems  requiring  diffi- 
cult calculations,  which  are  most  apt  to  arise  in  practice.  If  pos- 
sible, I  should  say  that  the  senior  year  should  be  the  hardest  in  the 
whole  course.     The  use  of  the  indicator,  the  use  of  the  brake,  the  test 
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of  boilers — those  problems  which  require  thinking  power,  should 
be  the  work  of  the  senior  year,  so  that  the  student  would  get  in 
the  senior  year  those  things  which  he  is  most  likely  to  get  in  his 
earlier  practice.  In  the  colleges  there  are  certain  facilities  offered ; 
there  are  dynamometers  and  indicators  and  testing-machines  of  all 
kinds,  and  mechanical  laboratories,  which,  after  a  man  goes  into  the 
machine-shop,  he  does  not  find.  So,  I  would  say,  give  him  in  the 
senior  year  those  things  which  he  ought  to  have  as  an  engineer,  but 
which  he  is  not  likely  to  get  in  the  first  ten  years  of  practical  life 
afterward,  until  he  has  leisure  to  devote  himself  to  some  of  these 
problems  which  can  be  best  thought  out  in  the  senior  year  in  the 
schools. 

Prof.  Gaetano  Lanza. — This  subject  is  a  great  deal  broader  than 
the  preceding  topic,  because  it  opens  up  not  merely  the  laboratory 
question,  but  the  question  of  design  and  the  question  of  the  studies 
of  the  senior  year.  I  will  first  say  a  few  words  in  reference  to  de- 
sign, which  I  consider  to  be  a  matter  of  very  great  importance, 
and  I  will  state  what  we  are  doing  in  that  regard  at  our  school. 
The  subject  of  design  is  introduced  at  the  beginning  of  the  senior 
year,  when  the  students  devote  to  it  eight  hours  per  week.  At  that 
time,  the}T  have  had  instruction  in  mechanism,  in  thermo-dynamics 
and  steam,  including  steam  boilers,  and,  of  course,  have  had  a  con- 
siderable amount  of  drawing  and  some  laboratory  practice,  and  they 
have  also  had  the  mathematical  side  of  the  strength  of  materials. 
They  begin  usually  with  the  design  of  a  boiler.  Professor  Schwamb, 
who  has  charge  of  that  work,  is  with  them  most  of  the  time, 
passing  from  one  to  the  other,  criticising  their  work  and  showing 
them  where  the  designs  are  faulty  and  might  be  improved,  making 
them  realize  the  fact  that  in  practice,  when  a  man  has  made  a 
drawing,  he  must  not  hesitate  to  rub  it  out  and  begin  all  over  again. 
"When  they  have  made  their  boiler  designs,  they  proceed  to  other 
designs,  the  character  of  which  is  intended  to  be  practical  and  not 
of  too  great  extent.  We  should  not  approve  of  giving  a  design 
on  such  an  extensive  scale  that  they  could  not  make  a  thorough 
study  of  all  parts.  By  way  of  example,  a  design  that  has  been 
nsed  by  us  is  one  for  the  main  shaft  of  a  mill  from  which  power  is 
to  be  taken  off  at  different  places,  the  student  being  required  to 
consider  that  shaft  with  reference  to  its  strength,  to  the  friction  of 
the  bearings,  etc.  Another  example  of  a  design  which  may  pos- 
sibly be  given  this  year  is  the  following:  Make  a  thorough  and 
careful    design  of   a   hanger  with    reference  to  strength,  bearing 
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surface,  etc.  Then  deduce  from  this  one  the  suitable  dimensions 
for  a  whole  set  of  regular  hangers.  Now,  of  course,  we  cannot  go 
to  a  very  great  extent  in  this  kind  of  work  for  lack  of  time;  but  if, 
as  the  Chairman  has  so  well  said,  we  can  succeed  in  making  the 
students  begin  to  think,  as  men  outside  have  to  think,  we  are  doing 
so  much  toward  preparing  them  for  their  future  work. 

In  regard  to  the  other  studies  of  the  senior  year,  I  dare  not  go  into 
details,  or  I  shall  consume  too  much  time;  I  will,  therefore^  only 
state  two  or  three  general  principles.  In  my  opinion,  the  senior 
year  should  be  the  student's  busiest  year.  They  should  get  as 
much  of  their  theory  as  they  can  during  the  second  and  third  years, 
so  that  (although  a  considerable  amount  of  theory  must  still  remain 
for  the  fourth  year)  they  should  be  in  as  good  condition  as  possi- 
ble to  take  up  and  discuss  practical  questions  in  the  light  of  the 
elementary  theory,  and  not  be  troubled  at  that  time  to  go  back  and 
study  the  elementary  parts  of*  the  theories  on  which  the  subject 
depends.  We  try  to  bring  the  questions  of  the  senior  year  as  near 
the  questions  of  practice  as  the  advancement  of  the  student  will 
warrant,  and  try  to  teach  him  to  look  at  them  from  the  point  of 
view  which  must  be  taken  by  a  man  in  the  practice  of  his  profes- 
sion. 

Mr.  W.  E.  Partridge. — There  is  one  thing  that  stands  in  the 
way  of  all  instructors  in  mechanical  engineering,  and  that  is  the 
attempt  to  impart,  at  one  and  the  same  time,  experience,  knowledge, 
and  theory.  The  student  is  turned  out,  and  the  effort  is  too  often 
made  to  put  him  into  the  world  in  such  a  shape  that  he  can  do 
something  at  once.  In  other  words,  there  is  an  attempt  made  to 
combine  a  post-graduate  course  with  one  which  is  elementary  and 
one  which  is  intermediate.  The  student  comes  out  without  suffi- 
ciently understanding  the  difference  between  having  a  chest  of  well- 
sharpened,  properly  fitted  tools,  and  a  trade.  The  bojrs  in  our 
schools  can  get  very  little  more  than  a  chest  of  tools  with  theoreti- 
cal directions  as  to  how  to  use  them.  To  learn  the  trade,  they  have 
got  to  take  hold  of  the  work  in  the  shop,  or  they  must  have  a  very 
extensive  post-graduate  course.  The  boy  usually  graduates  too 
young  to  be  expected  to  design  intelligently,  even  though  he  has 
been  designing  under  instructors  during  the  whole  of  his  last  year. 
It  is  not  altogether  a  mistake  which  those  schools  make  when  they 
abandon  to  some  extent  what  we  think  so  important — the  practice 
— and  say  to  the  boys,  We  will  give  you  all  the  theory  that  you 
need;  we  will  give  you  all  the  experimental  results  and  the  experi- 
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mentation  which  we  can  ;  but  for  the  practical  application  of  these, 
you  must  go  into  the  engineering  establishments  and  come  in  con- 
tact with  work  which  is  made  to  sell.  If  we  bear  in  mind  the  dis- 
tinction between  designing  to  sell  and  designing  to  please  the 
teacher's  ideas,  we  shall  find  that  the  problems  to  be  laid  out  for 
the  boys  are  a  good  deal  easier  for  the  teachers,  and  perhaps  quite  as 
valuable  to  the  youngsters  themselves. 

No  matter  how  well  prepared  a  young  man  may  be  in  the 
schools,  he  must  serve  an  apprenticeship  in  the  shop  before  he  can 
be  valuable.  The  sooner  the  shops  recognize  this  and  stop  asking 
for  impossibilities,  the  better  it  will  be  for  both  shops  and  graduates. 
A  higher  class  of  apprenticeship  is  unavoidable  whenever  an  inex- 
perienced man  steps  into  any  department,  and  well-organized 
establishments  are  beginning  to  recognize  this  fact,  and  to  see  that 
the  schools  cannot  teach  practice. 

Mr.  G.  C.  Henning. — I  think  the  remarks  made  heretofore  show 
that  we  have  two  things  to  contend  with  :  first,  the  great  amount  of 
work ;  and,  secondly,  the  average  age  of  those  who  want  to  prepare 
themselves  for  a  professional  life ;  and  I  think  that,  although  our 
common  schools  are  not  as  high  as  they  might  be  in  order  to  allow 
the  graduate  to  go  directly  into  a  technical  school,  the  right  course 
has  been  pursued  by  one  place  of  study  to  help  get  over  this  diffi- 
culty. We  cannot  think  of  improving  our  public  schools  through- 
out the  country  so  as  to  make  the  graduates  fit  for  a  technical  course ; 
so  we  must  do  this — call  for  such  requirements  of  admission  that 
none  but  those  prepared  to  undertake  the  work  specially  laid  down 
in  the  schools  can  enter.  Of  course,  it  is  conceded  that  before  a  man 
can  undertake  professional  work  he  must  be  prepared  for  it.  The 
only  way  he  can  be  fitted  for  taking  up  such  work  is  to  get  a  good 
foundation  for  it  by  devoting  all  his  spare  time  to  examinations  of 
actual  work,  and  studying  the  principles  involved — giving  his  prin- 
cipal attention  to  those  problems  which  he  will  be  most  unlikely  to 
meet  with  in  the  first  years  of  his  professional  life.  I  think  if  we 
look  at  what  the  Stevens  Institute  is  doing,  and  has  planned  to  do 
next  year,  we  have  the  basis  for  educating  engineers  so  that,  when 
they  leave  the  school  and  enter  upon  actual  work,  they  will  be  well  fit- 
ted for  it.  There  they  admit  men  not  less  than  eighteen  years  of  age. 
There  are  so  many  to  apply  that  only  a  part  of  those  who  pass  the 
examinations  can  be  admitted,  and  such  are  selected  as  seem  to  be  best 
fitted,  from  their  general  knowledge  and  the  training  of  their  minds, 
to  do  the  work  thoroughly,  rather  than  those  who  have  shown  the 
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most  book  learning ;  those  men  who  have  trained  minds  are  pre- 
ferred, as  only  they  can  do  the  work  well.  At  that  place,  in  the 
junior  year  the  young  men  must  go  out  and  see  the  shops  in  a  great 
many  places,  and  then  describe  what  they  see,  and  work  up  special 
problems — not  large  problems,  but  parts  of  large  problems,  perhaps, 
dividing  the  work  amongst  several  students.  In  that  way,  the 
graduating  class  obtain  actual  experience  such  as  thejr  require  when 
they  enter  upon  professional  work.  They  begin  to  see  and  think 
for  themselves  what  is  needed  to  undertake  and  execute  a  certain 
piece  of  work. 

Mr.  P.  A.  Sanguinetti. — I  quite  agree  with  Mr.  Crane,  who  spoke 
in  the  early  part  of  this  debate,  as  to  the  desirability  of  students  in 
engineering  being  well  grounded  in  the  proportions  of  parts  of 
machinery.  I  have  noticed  that  young  draughtsmen  who  have  had 
a  workshop  training  give  better  service,  and  are  more  proficient  in 
designing,  than  those  who  have  graduated  from  Polytechnic  Schools 
where  such  practice  was  not  afforded.  Generally  junior  draughts- 
men are  given  the  details  of  machines  to  work  out,  and  while 
they  are  able  to  produce  finely  executed  drawings,  there  is  Suine 
difficulty  experienced  in  getting  them  to  make  a  plain  working  draw- 
ing which  the  men  in  the  shop  can  readily  understand.  In  trying 
to  account  for  this,  I  have  been  led  to  conclude  that,  whilst  they 
have  paid  great  attention  to  shade  lines  and  scientific  projections, 
they  lack  the  knowledge  of  constructive  detail  which  close  contact 
with  the  parts  of  machinery  imparts.  For  that  reason,  I  think  that 
the  last  course  for  the  student  in  engineering  should  be,  if  not  act- 
ual practice  in  the  workshop,  at  least  such  familiarity  with  the  pro- 
portions of  parts  of  machinery  as  will  give  him  the  confidence 
necessary  sooner  to  become  useful  to  himself  and  to  those  parties 
with  whom  he  seeks  employment. 

In  this  connection,  I  would  like  to  mention  an  incidental  subject 
which  has  occupied  my  attention  for  some  time.  I  find  among 
draughtsmen  the  greatest  divergence  of  opinion  as  to  how  a  draw- 
ing should  be  projected,  and  the  results  arising  from  it  are  some- 
times very  serious.  Now,  as  this  Society  is  endeavoring  to  secure 
uniform  standards  in  engineering  matters,  it  would  not  be  out  of 
place,  in  my  opinion,  if  its  good  offices  could  be  interposed  to  further 
the  adoption  of  a  universal  manner  of  projecting  working  drawings. 
Mr.  Coleman  Sellers  has  advocated  the  idea,  which  I  think  a  most 
natural  one,  that  having  made  a  front  elevation  of  a  machine,  the 
projection  of  the  end  view  to  the  right  of  the  front  elevation  should 
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be  shown  on  paper  on  the  right-hand  side  of  such  elevation  ;  but 
as  I  have  met  with  some  gentlemen  who  express  opinions  at  vari- 
ance with  this  theory,  I  for  one  would  be  very  glad  if  the  Society 
would,  use  its  influence  toward  reconciling  the   differences. 

Mr.  J.  L.  Gohedle. — I  think  one  of  the  problems  should  be  to 
design  simple  machines  to  do  special  work.  I  have  found  that  a 
young  man  just  out  of  a  technical  school  is  very  apt  to  make  a  ma- 
chine with  four  spindles  where  two  spindles  would  do  better,  and  I 
think  they  should  be  required  to  design  a  tool  for  a  special  purpose, 
in  the  simplest  possible  manner,  so  that  when  they  get  in  their  po- 
sitions as  engineers  (it  will  not  probably  be  in  charge  of  works),  they 
can  use  those  positions  as  a  post-graduate  course,  and  learn  the  more 
intricate  things  in  machine  design. 

Prof.  G.  1.  Alden. — In  regard  to  this  matter  of  machine  design- 
ing, I  think  it  is  the  point  where  all  graduates  will  be  likely  to  be 
called  on  for  more  than  they  can  do.  It  is  where  they  show  their 
weakness  first.  At  the  Free  Institute,  where  I  am,  in  connection 
with  the  shop,  we  do  a  little  work  for  the  students  which  I  think 
meets  this  case.  Some  of  their  practice  is  in  the  draughting-room 
of  the  shop,  where  they  take  a  problem  like  the  designing  of  some 
simple  tool,  and  they  work  and  rub  out  until  they  get  it  done,  and 
as  the  tool  is  going  to  be  made  and  used,  the  work  of  designing  it 
proves  admirable  practice.  We  only  need  more  time  to  do  it;  and 
I  know  of  no  attainment  which  would  improve  the  value  of  the 
students,  as  they  go  out  to  work,  more  than  greater  proficiency 
in  machine  design.  The  higher  work  of  engineers  they  may  not, 
as  has  been  said,  be  called  to  do  for  ten  years. 

No.  240.— 38. 
Is  aluminium  bronze  corroded  by  exposure  to  weather,  etc.  ? 

Mr.  Tlws.  D.  West. — It  seems  to  be  well  established  that  alumi- 
nium bronze  will  withstand  the  action  of  moisture  and  oxygen  better 
than  any  other  known  metal,  except  gold  and  platinum.  Kor  does 
the  sulphurous  acid  gas  of  the  air  attack  it  as  it  does  silver.  A  very 
slight  tarnish  forms  over  the  surface,  which  does  not  alter  materially 
the  beauty  of  the  burnished  surface.  It  is  due  more  to  dirt  than  to 
chemical  action  on  the  metal.  Mr.  Eugene  Cowles,  of  the  firm 
which  is  making  this  bronze  in  Lockport,  X.  Y.,  called  on  Dr.  Percy, 
in  London,  a  couple  of  weeks  ago,  and  the  Doctor,  during  conver- 
sation, opened  a  drawer  in  his  desk  which  he  said  had  not  been 
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opened  for  fourteen  years,  and  he  took  out  some  burnished  samples 
of  aluminium  bronze,  and  ordinary  brass  which  had  not  been  pro- 
tected with  lacquer.  The  bronze  was  as  bright  as  when  placed  in 
the  drawer.     The  brass  was  black  and  covered  with  verdigris. 

Mr.  P.  A.  Sdnguinetti. — I  remember  about  fifteen  years  ago 
seeing  in  London  specimens  of  what  was  called  then  aluminium 
gold,  which  was  probably  the  same  thing  as  the  metal  under  dis- 
cussion. It  was  made  up  into  propelling  pencil  cases,  the  advan- 
tages claimed  being  that  the  metal  would  not  corrode  nor  tarnish, 
and  had  all.  the  appearance  of  gold  without  being  as  expensive. 
I  purchased  one  of  the  pencil  cases  and  carried  it  in  my  pocket 
for  several  years,  and  found  it  was  all  that  the  makers  claimed 
for  it. 

The  Chairman. — The  opportunity  is  so  unique,  and  the  subject 
so  pertinent,  that  I  am  going  to  ask  Professor  Thurston  to  show  us 
a  model,  now  in  this  room  at  the  Stevens  Institute,  which  I  believe 
he  originated,  indicating  the  values  of  the  different  alloys  of  copper, 
tin,  and  zinc. 

Prof.  li.  H.  Thurston. — The  model  exhibited  by  the  Chairman 
is  one  which  belongs  to  the  collections  of  the  Stevens  Institute  of 
Technology,  and  was  devised  by  myself  a  good  many  years  ago. 
In  making  the  researches  on  the  copper-tin-zinc  alloys  for  the  United 
States  Test  Commission,  it  was  found  very  difficult  to  express  the 
law  connecting  the  mechanical  properties  with  the  composition  of 
the  alloy,  so  that  any  one  studying  the  results  of  the  work  should 
be  able  to  say,  with  confidence,  what  would  be  the  precise  character 
of  any  possible  alloy  of  the  three  metals  which  he  might  propose 
to  make. 

It  seemed  evident  that  the  only  system  of  collating  results  which 
would  attain  these  essential  objects  was  some  graphical  method. 
To  represent  with  satisfactory  precision,  completene  s,  and  intelli- 
gibility a  series  of  researches  on  the  character  of  tri]  e  alloys  of  all 
desired  proportions  appeared,  at  first,  a  most  difficult,  if  not  insolv- 
able  problem.  A  very  perfect  and  most  satisfactory  method  was, 
however,  finally  devised : 

In  any  triangle,  as  at  A,  Fig.  106,  let  fall  perpendiculars  upon 
the  three  equal  sides.  The  area  of  the  whole  triangle  13,  C,  D, 
is  measured  by  the  product  of  the  altitude,  C  E,  by  one-half 
the  base,  B  D.  Draw  lines  A  B,  A  C,  A  D,  to  the  vertices 
of  the  triangle,  thus  forming  three  smaller  triangles,  the  sum 
of   which  equals,  in  area,  the  original  triangle.     We  now  have: 
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CEx|BD  =  AFx^BD+AGx{BC  +  AHx|CD;  or, 
the  sides  of  the  triangle  being;  equal,  CEx|BD  =  (AF  + 
A  G  I  A  H)  |  B  I).  Hence,  A  F  + 
A.  G  +  A  H  =  C  E. 

But  the  area  of  the  whole  triangle  may 
be  conceived  to  represent  a  triple  alloy  com- 
posed of  the  three  components  in  propor- 
tions, represented  by  the  area  of  the  three 
several  small  triangles  which  together  make 
np  its  total  area.  But  these  smaller  triangles 
have  areas  proportional  to  their  altitudes, 
A  F.  A  G,  A  H  ;  the  proportions  in  which  the  three  metals  are  com- 
bined to  form  the  given  triple  alloy  may,  therefore,  be  measured 
by  the  ratio  of  their  representative  triangles  to  the  whole  triangle 
in  area  and  in  altitude.  Then,  dividing  the  height  of  the  large 
triangle  into  one  hundred  equal  parts,  the  altitudes  of  the  small 
triangles,  measured  in  the  same  units,  will  represent  the  percentages 
of  the  three  elements  in  the  given  alloy. 

Every  point  in  the  triangle  thus  represents  some  certain  triple 
alloy ;  there  is  no  possible  triple  alloy  which  has  not  its  representa- 
tive point  in  our  triangle. 

Let  it  be  proposed  to  discover  what  is  the  strength  of  all  the 
possible  alloys  of  copper,  zinc,  and  tin  :  lay  out.  within  the  principal 
figure,  a  series  of  concentric  triangles,  as  in  Fig.  107,  of  which  the 
vertices  are  placed  at  distances  representing  ten  per  cent.,  twenty 
per  cent.,  thirty  per  cent.,  and  so  on,  from  the  vertices  of  the  large 
triangle:  select  along  the  sides  of  these  triangles,  excluding  the 
exterior  figure,  points  ten  per  cent,  apart  for  examination.     The 

points  taken  in  the  outline  of  the 
principal  triangle  represent  the 
double  alloys  of  copper-zinc, 
copper-tin,  and  tin  zinc,  in  pro- 
portions also  varying  ten  per 
cent.  They  are  alloys  in  each 
of  which  the  proportion  of  the 
third  element  of  the  variable 
triple  combination  to  be  studied 
has  become  zero.  Xow,  deter- 
b  mine  the  strength  of  each  of 
these  alloys,  and,  upon  the  point 
which  represents  it  in   the  figure,  erect  a  perpendicular  having  a 


Fig.  107. 
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height  proportional,  on  any  convenient  scale,  to  that  strength. 
Having  completed  this  work,  we  have,  upon  our  triangular  base- 
plane,  a  forest  of  verticals,  each  of  which  is  an  ordinate  of  a  point 
in  a  surface  which  may  now  be  conceived  to  pass  through  them  all. 
Curves  of  sections,  running  in  any  desired  direction  across  this  field, 
may  now  be  made,  and  they  will  be  the  graphical  representations 
of  the  law  which  connects  cohesion  and  composition  in  the  series 
of  alloys  so  selected ;  just  as  the  surface  is  representative  of  the 
law  for  all  possible  alloys  of  the  three  metals  selected  for  experi- 
ment. 

Lines  connecting  points  of  equal  altitude  may  be  drawn,  as  on 
topographical  maps,  and,  on  these  lines  of  alloys  of  equal  strength, 
that  which  meets  any  given  requirement  in  other  respects,  as  in 
cheapness  or  in  ductility,  may  be  selected.  The  same  method  will 
evidently  answer  equally  well  in  the  representation  of  any  other 
quality,  as  the  resistance  to  transverse  fracture,  to  shearing  forces, 
to  compression,  or  in  the  exhibition  of  ductility,  elasticity,  or  of 
the  values  of  the  moduli  of  elasticity  or  of  resilience,  whether  elastic 
or  total. 

In  many  cases,  it  would  be  found  that,  at  sharp  culminations,  in 
points  or  lines,  forming  peaks  or  ridges  in  our  topography,  it  would 
be  necessary  to  take  another  set  of  points  nearer  together,  and  thus 
to  feel  out  with  greater  exactness  the  sudden  changes  of  result 
which  follow  the  operation  of  the  discovered  law  at  such  "  critical  " 
points  or  lines. 

The  result  of  an  investigation,  such  as  has  just  been  described, 
may  be  very  beautifully  exhibited  to  the  eye  by  making  a  model  of 
the  surface  thus  determined,  such  as  is  here  seen  in  Fig.  108.  In 
carrying  out  these  researches,  the  following  plan  was  found  perfectly 
satisfactory  : 

Lay  out  a  triangle,  as  above  described,  upon  a  surface  of  sheet 
brass.  At  the  points  at  which  determinations  have  been  made, 
erect  wires  of  which  the  lengths  have  been  made  carefully  propor- 
tional to  the  ordinates  of  the  representative  surface  at  those  points, 
screwing  them  firmly,  or  otherwise  fixing  them,  in  their  places. 
When  all  the  wires  are  in  place  and  are  found  to  be  of  the  exact 
length  required,  place  bits  of  board  along  the  outside  to  form  the 
boundaries  of  the  triangle,  and  pour  in  plaster  of  Paris  until  the 
wires  are  all  covered.  When  the  plaster  has  set,  remove  the  boards 
and  carefully  cut  away  the  upper  part  of  the  plaster,  working  care- 
fully down  to  the  tops  of  the  wires,  just  exposing  their  points.  The 
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surface  thus  produced  is  a  model  of  the  strength,  or  other  quality 
represented,  of  all  the  alloys. 

Mr.  M.  I.  Coster  has  prepared  for  the  investigator  such  a  model 
of  the  cohesive  strength  of  the  alloys  of  the  three  metals,  copper, 
zinc,  and  tin.  as  determined  for  the  United  States  Board  appointed 
to  test  metals,  as  in  Fig.  106,  and  it  is  one  of  these  models  to 
which  the  Chairman  has  referred,  and  which  he  has  exhibited. 


Fip.  108. 

Mr.  Wm.  Kent. — I  have  a  personal  interest  in  this  matter,  be- 
cause I  did  much  of  this  work  myself,  under  Professor  Thurston's 
direction,  some  ten  years  ago. 

I  had  occasion,  only  a  few  months  ago,  to  have  some  castings 
made,  and  wanted  as  strong  a  brass  as  I  could  get,  and  told  the 
founder  to  make  the  brass  of  a  composition  deduced  from  this 
model.  I  wrote  Professor  Thurston  to  ask  if  he  knew  a  better 
alloy  than  that.  He  advised  me  to  use  a  little  mure  copper  and  a 
little  less  tin.     I  told  the  man  to  make  the  best  alloy  he  could  out 
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of  the  three  metals — the  best  tin  he  could  get,  the  best  copper  and 
the  best  zinc,  and  in  the  specified  proportions.  He  said,  "If  you 
will  take  the  responsibility,  I  will  do  it  for  you."  I  told  him  that 
I  would  take  the  responsibility.  He  made  the  castings,  aud  they 
were  very  bad  castings.  They  were  full  of  blow-holes  and  full  of 
cracks;  but  I  finished  them  down,  and,  notwithstanding  the  flaws, 
they  showed  36,000  pounds  to  the  square  inch.  They  would  have 
shown  over  60,000,  I  have  no  doubt,  if  they  had  been  cast  right. 
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The  XVth  meeting  of  the  American  Society  of  Mechanical 
Engineers  was  held  in  the  City  of  Washington,  D.  C,  during  the 
week  from  May  31st  to  June  3d,  18S7.  The  sessions  were  held 
in  Willard  Hall  in  connection  with  "Willard's  Hotel,  in  whose 
Parlor  Ten  were  the  Headquarters  of  the  Society  during  the  Con- 
vention. 

First  Day,  Tuesday,  May  31st, 

The  opening  session  was  called  to  order  at  ten  o'clock  and  was 
introduced  by  an  address  of  welcome  by  Commissioner  Wm.  B. 
\Vebb  of  the  District  of  Columbia.  To  this  a  brief  response  was 
made  by  President  Geo.  H.  Babcock. 

The  Secretary's  Register  showed  the  following  members  in  at- 
tendance : 

Almond,  Thomas  E Brooklyn,  N .  Y. 

Asliworth,  Daniel Pittsburgh,  Pa. 

Babcock,  Geo.  H.,  President New  York  City. 

Bailey,  Reads  W Pittsburg,  Pa. 

Baile  r,  W.  H ♦ New  Yoi  k  City. 

Baldwin,  Stephen  W New  York  City. 

Barnaby,  Chas.  \V Salem,  O. 

Barms,  Geo.  H Boston,  Mass. 

Bond,  Geo    M   Hartford,  Conn. 

Borden,  Thcra.  J   Fall  River,  Mass. 

Brady,  James Brooklyn,  N.  Y. 
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Brooks,  Morgan Boston,  Mass. 

Butterworth,  James Phila.  Pa. 

Capen,  Thomas  Wells Stamford,   Conn. 

Ckristensen,  August  C X.  Y.  City. 

Colwell,  Augustus  W New  York  City. 

Couch,  Alfred   B Phila.  Pa. 

Crane,  Thomas  S Newark,  N.  J. 

Croutliers,  James  A New   York   City. 

Curtis,  Gram Pittsburg,  Pa. 

Dagron,  James  G Baltimore,  Md. 

Dent,  Edward  L Washington,  D.  C. 

Denton,  James  E Hoboken,  N.  J. 

Dicey,  Elmer  C  Chicago,  111. 

Doane,  Wm.  H Cincinnati,  0. 

Downe,  Henry  S Fitcbburg,  Mass. 

Dutton,  C.  Seymour Youngstown,  0. 

Emery,  Charles  E New  York  City. 

Fawcett,  Ezra Alliance,    0. 

Forney,  Matthias  N New  York  C ity. 

Francis,  Harry  C Phila.    Pa. 

Fraser,  Norman  D Chicago,  III. 

Gilkerson.  J.  A Homer,  N.  Y. 

Gobeille,  Jas.  Leon Cleveland,  0. 

Gould.  W.   V Norwich,  Conn. 

Hand,  S.  Asbton .Toughkenamon,  Pa. 

Hawkins,  Gardner   C Boston,  Mass. 

Hawkins,  Jno.  T Taunton,  Mass. 

Hazard,  Vincent  G Wilmington,  Del. 

Hewitt,  William Trentcn,  N.  J. 

Higgins,  Milton  P Worcester.  Maf s. 

Hillman,  Gustav City  Island.  N.  Y. 

Holloway,  J.  F Cleveland,  O. 

Horton,  Jas.  A Boston,    Mass. 

Howard,  Chas.  P Hartford.  Conn: 

Huston.  Chas.  L Coatet-ville,   Pa. 

Hutton,  Frederick  K.,  Secretary New  York  (  ity. 

Kent,  Wm New  York  City. 

Kirkeva>ig,  Peter Youngstown,  0. 

Lavitt,  Frank  M Brooklyn,  N.  Y. 

Lo ring,  Chas.  H "...Washington.  D.  C. 

Lyall,  Wm.  L New  York  City. 

Ma-;kirlney,    Wm Phila.    Pa. 

Matrrader,  Win.  T Baltimore,  Md. 

Mahony,  James New  York  City. 

Manning,  ("has.  II Manchester,  N.  H. 

Miller,  Alexander New    York  City. 

Moore,  Lycurgus  B New  York  City. 

Morgan,  Joseph,  Jr Johnstown,  Pa. 

Mumford,  Edgar  II Omaha,  Neb. 

Odell,  Wm.  H. Yonkers,  N.  V. 

Parks,  Edward  H Providence,  R.  I. 
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Plamondon,  Ambrose , Chicago,  111. 

Porter,  Chas.  T New  York  City. 

Ramsay,  H.  Ashton   Baltimore,  Md. 

Randolph ,  L.  S Mt.  Savage,  Md. 

Richards,  F.  II Springfield,  Mass. 

Ridgway,  J.  T   Trenton,   N.  J. 

Robinson,  A.   Wells Phila.  Pa. 

Robin.-on,  J.  M New  York  City. 

Rose,  Joshua New  York  City. 

Sargent,  J.  W Scranton,  Pa. 

Scott,  Olin Bennington,  Yt. 

See,  Horace Phila.  Pa. 

Schuhinann,  Geo Reading,    Pa, 

Schutte,    Louis Phila.  Pa. 

Sheldon,  Thomas  C ■ Boylston,  Mass. 

Smith,  Oberlin Bridgeton,  N.  J. 

Snell,  Henry  I Phila.  Pa.  . 

Sorge,  A.  Jr Rochester,  N.    Y. 

Sperry,  Chas Port  Washington,  N.  Y. 

Springer,  J.  H.  Sr Hamilton,   0. 

Stearns,  Albert .Brooklyn,  N.    Y. 

Stetson ,  Geo.    R New    Bed  ford,    Mass. 

Steward,  John   F Chicago,    111. 

Stewart,  W.  G Reading,  Pa. 

Stiles,  Norman  C Middletown,  ('(inn. 

Stillmau,  Frauds  H Brooklyn,  N.  Y. 

Stirling,   Allan Yonkers,  N.  Y. 

Stratton,  E.  P New  York  City. 

Strong,  Geo.  S  New  York  City. 

Sweet,  Jno.  E Syracuse,  N.  Y. 

Taylor,  J.  Aichie        Wilmington,  Del. 

Tilden,  James  A So.  Boston,  Mass. 

Tompkins,  S   Crozet,  Va. 

Towne,  Henry  R Stamford,  Conn. 

Townsend,  David Phila.  Pa. 

Underwood,  F.  H Tolland,  Conn. 

Van  Duzee,  Harold Bayonne,  N.  J. 

Walker,  John Clevelaud,  0. 

Webster,  John  H Boston,  Mass. 

Weeks,  Geo.  W Clinton,  Mass. 

Weightman,  Win.  H New   York  (its. 

Wellman,  Sam'l  F Cleveland,  0. 

Whin-head,  Geo.  E Providence,  R.  I. 

Whiting,  Geo.  B Washington,  D.  C. 

Whitney,  Baxter  D Winchendon,  Mass. 

Whitney  Wm.  M Winchendon,  Mass. 

Wilcox,  Stephen New  York  City. 

Wilcox,  Jno.   F Pittsburgh,  Pa. 

Wilder,  Moses  G. Phila.  Pa. 

Wiley,  Wm.  II New  York  City. 

Woodbury,  C.  J.  H Boston,  Mass. 
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Wool~on,  0.  (' Newark,  N.  J. 

Wright,  John  Q   New  York  City. 

Wyman,  Horace  W Worcester,  Mass. 

Zell,  Kobt.  R ' New  York  City. 

Mr.  Henry  R.  Towne  of  Stamford  reported  on  behalf  of  the 
Committee  on  Uniform  Methods  of  Test,  and  Uniformity  in 
Test  Specimens,  as  follows  : 

Mr.  H .  R.  Towne. — Mr.  President,  I  have  to  report,  on  behalf 
of  the  Committee,  that  during  the  past  year  our  Chairman,  Prof. 
Egleston,  was  compelled  by  ill-health  to  resign  the  chairmanship 
and  at  one  time  it  was  feared  his  membership,  of  the  Committee. 
The  Committee  induced  him,  however,  to  remain  a  member  and 
saw  fit  to  elect  me  as  Chairman  of  the  Committee  in  his  place. 
On  behalf  of  the  Committee  I  have  to  report  that  a  good  deal  of 
work  has  been  done,  but  it  has  not  yet  been  brought  to  a  point 
which  makes  it  expedient  for  us  to  submit  a  written  and  linal  re- 
port. The  Committee  obtained  material  for  making  tests  from 
several  manufacturers  who  kindly  contributed  it,  and  distributed 
that  material,  together  with  a  circular  of  request  and  explanation, 
to  a  large  number  of  manufacturers  and  individuals  having  testing 
appliances,  with  the  result  of  obtaining  from  them  reports  of  tests, 
amounting,  T  think,  to  fifteen  or  more  in  number.  Thereupon  the 
Committee  attempted  to  deduce  from  these  returns  some  satisfac- 
tory result.  It  was  found,  however,  that  the  methods  of  mak- 
ing reports  differ  so  widely  among  different  users  of  testing  ap- 
pliances as  to  make  it  impossible  to  reduce  many  of  them  to  any 
comparable  form.  An  attempt  was  made  to  do  this  by  Mr.  Hen- 
ning,  one  of  the  active  members  of  our  Committee,  who  found, 
however,  that  it  required  a  table  having  something  over  thirty 
columns  in  order  to  provide  for  reports  under  all  of  the  different 
headings  stated  by  the  different  experimenters,  and  that  these  re- 
sults were  so  discordant  and  so  differently  designated  as  to  make 
it  impossible  to  put  them  all  together  with  any  useful  result.  The 
Committee  thereupon  decided  to  make  the  endeavor  in  another 
way.  Additional  material  was  obtained  and  again  distributed, 
but  this  time  there  was  sent  with  it  to  each  party  having  a  test- 
ing machine  a  blank  form  of  report,  which  the  Committee  pre- 
pared with  great  care,  and  which  had  on  it  the  proper  explana- 
tions as  to  how  the  tests  were  to  be  made  and  the  report  entered ; 
and  the  persons  to  whom  the  material  was  sent  were  requested 
to  make  the  additional  tests  and  to  report  them  in  this  manner. 
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Returns  have  been  received  from  one-half  or  more  of  the  parties 
to  whom  the  material  was  thus  sent,  and  are  very  much  more  sat- 
isfactory than  the  original  set  of  returns.  They  have  not  yet 
been  received,  however,  from  the  whole  number,  and  we  are  en- 
deavoring to  obtain  the  missing  ones.  There  is  still  a  great  deal 
of  discrepancy  in  the  returns,  and  the  Committee  proposes  to 
make  a  third  effort  in  the  same  direction  by  again  distributing 
material,  and  issuing  the  form  of  report  which  they  have  pre- 
pared, but  also  giving  more  specific  directions  as  to  the  manner  in 
which  the  tests  should  be  conducted. 

This  much  can  be  said,  that  the  methods  of  testing  in  vogue  are 
exceedingly  divergent ;  hardly  any  two  investigators  pursue  ex- 
actly the  same  method  or  make  their  returns  in  exactly  the  same 
way,  and  that  therefore  the  work  which  is  being  done  by  one  is 
rarely  comparable  with  the  work  done  by  others,  and,  as  a  result, 
the  immense  amount  of  time  and  labor  and  expense  which  is  being 
devoted  to  the  investigation  of  material  is  largely  wasted.  It  has, 
of  course,  its  value  in  each  particular  case  for  the  particular  ob- 
ject in  view,  but  is  of  little  or  no  use  to  the  engineering  profes- 
sion at  large  by  reason  of  this  lack  of  comparability.  If,  there- 
fore, any  means  can  be  devised  whereby  the  investigations  of  the 
many  individuals  and  firms  who  are  every  day  of  the  year  carry- 
ing on  tests  of  materials,  can  be  brought  to  a  basis  which  shall 
make  them  comparable  one  with  another,  we  shall  all  of  us  be 
largely  the  gainers  thereby.  This  work  the  Committee  has  ad- 
dressed itself  to  and  is  prosecuting  so  far  as  it  reasonably  can,  and 
hopes  by  the  time  of  the  next  meeting  of  the  Society  to  be  able  to 
maKe  a  written  report  embodying  the  results  of  its  work  in  a  form 
to  enable  the  Society  to  understand  it  fully  and  to  take  action 
thereon. 

The  final  report  of  the  Committee  on  Uniform  Sizes  of  Pipe  and 
Pipe  Threads,  was  presented  by  Mr.  Bond  as  follows :  * 

FINAL  REPORT  OF  THE  COMMITTEE  ON  STANDARD  PIPE  AND 
PIPE  THREADS. 

Your  Committee  to  whom  was  referred  the  consideration  of  a 
standard  for  pipe  threads,  for  purposes  other  than  that  which  is 
covered   by  the  Briggs  formulae  and  tables,  the  consideration  of 

*See  pages  29  and  43  of  Proceedings,  Vol.  VIII.,  and  pages  20,  311,  and  414 
of  Vol.  VII. 
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which,  with  results,  being  contained  in  the  report  of  your  Com- 
mittee presented  at  the  Yllth  Annual  Meeting  of  this  Society, 
have  the  honor  to  report  the  following  conclusions : 

At  a  meeting  of  your  Committee,  held  in  New  York,  Wednes- 
day, May  25,  1887,  at  11  o'clock  A.  M.,  the  advisability  of  attempt- 
ing to  standardize  pipe  and  pipe  thread  sizes,  for  thin  brass  tub- 
ing, oil  and  salt  well  casing,  and  special  tube  for  oil,  natural  gas, 
and  other  pipe  lines,  was  carefully  discussed.  Your  Committee 
would  respectfully  report  that,  as  pipe  for  this  class  of  work  is  of 
a  character  which  might  properly  be  termed  "  special,"  and  is  not 
a  product  of  universal  application  in  the  trades,  as  is  pipe  which 
is  covered  by  the  Briggs  standard,  your  Committee  are  of  the 
opinion,  that  the  consideration  of  the  matter,  and  the  action  neces- 
sary in  order  to  harmonize  the  various  pipe  thread  sizes  for  this 
class  of  work,  properly  belongs  to  the  manufacturers  and  users  of 
this  special  pipe,  rather  than  to  your  Committee. 

Your  Committee  would  further  say,  that  while  the  Briggs  stand- 
ard covers  in  its  application  the  sizes  of  pipe  and  pipe  threads  for 
purposes  in  which  every  engineer,  manufacturer,  and  consumer 
in  the  country,  is  more  or  less  deeply  interested,  and  while  uni- 
formity is  certainly  a  necessity  for  the  various  special  pipe  thread 
sizes  for  oil  and  salt  well  casing,  pipe  line  and  thin  brass  tube, 
also  for  the  couplings  and  fittings  for  fire  engines,  and  water  work 
connections,  and  that  such  a  desirable  result  should  be  brought 
about  with  as  little  delay  as  possible,  still,  as  already  stated,  it 
would  seem  to  your  Committee  to  lie  entirely  in  the  hands  of  the 
manufacturers  and  the  consumers  of  such  pipe  and  tube. 

The  advantage  and  the  convenience  of  an  interchangeable  sys- 
tem, which  should  include  the  results  of  intelligent  experience,  is 
unquestionable,  and  your  committee  would  earnestly  recommend 
the  matter  to  the  attention  and  consideration  of  the  manufactur- 
ers of  this  special  tube  and  pipe. 

Brass  tube  for  steam  and  water  pressures  is  now  made  of  suf- 
ficient outside  diameter  and  thickness,  to  permit  the  thread  being 
cut  to  the  Briggs  standard,  and  is  the  practice  in  New  York,  for 
all  sanitary  plumbing  and  for  steam  and  hot  water,  wherever  brass 
tube  is  used  for  the  purpose. 

Your  Committee  would  also  state  that  brass  and  iron  fittings 
for  thin  brass  tube,  such  as  would  not  permit  the  application  of 
the  Briggs  standard  thread,  are  not  carried  in  stock  by  the  fit- 
tings trade,  brass  tube  of  this  kind  being  special,  and  used  only 
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to  a  limited  extent  for  elaborate  sanitary  or  ornamental  work, 
and  on  which  tube  a  finer  thread  is  necessarily  cut,  often  do 
thread  whatever,  soldered  joints  being  used  instead.  This  shows 
conclusively  that  thin  brass  tube  of  special  size  and  thickness  is 
not  a  product  in  universal  use,  and  hence,  is  not  to  be  considered 
by  your  Committee  in  this  connection. 

In  conclusion,  your  Committee  would  also  state  that  although 
there  is  made  and  used  an  enormous  quantity  of  oil,  and  salt  well 
casing  and  pipe  line  tube  (referring  to  the  latter  only  in  sizes  on 
which  a  special  thread  is  cut,  other  than  the  Briggs  standard), 
and  great  as  is  the  desirability  of  a  standard  uniformity  in  sizes, 
thus  to  insure  practical  intercliangeability  for  this  product,  vet 
the  use  of  this  class  of  tube  and  pipe  is  in  a  certain  sense  local, 
and  not  of  universal  application,  and  does  not,  in  the  opinion  of 
your  Committee,  come  within  the  province  of  the  work  of  the 
Society,  but  should  be  carefully  considered  by  those  whose  inter- 
ests are  directly  concerned;  the  members  of  this  Societv  individ- 
ually aiding,  in  every  possible  way,  their  efforts  to  accomplish  the 
desired  result. 

Kespectfully  submitted, 

Frederick  Geinnell,  Chairman. 
Geo.  M.  Bond,  Secretary. 
B.  H.  Warren, 
Wm.  J.  Baldwin, 
George  Schuhmann*. 

On  motion  of  Mi-.  Towne,  the  report  of  the  Committee  was  ac- 
cepted, and  the  Committee  was  discharged  with  the  thanks  of  the 
Society. 

The  report  of  the  Council  was  presented  by  the  Secretary  as 
follows : 

The  Council  would  report  to  the  Society,  the  consummation  of 
the  generous  intentions  of  Mr.  Stephen  \V.  Baldwin  of  New  York, 
member  of  the  Society,  by  which  it  has  come  into  possession  of 
much  of  the  expert  apparatus  belonging  to  the  late  Mr.  John  C. 
Hoadley  of  Boston. 

A  detail  list  follows  of  the  collection  : 

TEST    AND    STANDARD    GAUGES. 

Crosby  Test  Gauge 8 "  to  300  lbs.  grad.  to  5  Ibp. 

"      6     "  100  "    "    '•     "  i    " 

"      5     "  200  '•         "     "    1    •' 
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Ashcroft  Test  Gauge  6"  to   120  lbs.  grad.  to  5  lbs. 

Crosby  Vacuum  Gauge 5"   "     15    "       "        "  ^    " 

"      5     "     15 

This  latter  gauge  is  in  a  special  case,  is  graduated  finely  for 
lbs.,  for  inches  of  mercury. and  for  feet  of  water,  and  on  the  lid  is 
a  table  of  constants  for  volume  and  pressure  and  curves  of  ex- 
pansion, plotted  by  Mr.  Hoadley  himself.  Most  of  the  gauges 
have  cocks. 

THEEMOMETEES. 

Chemical,  reading  from —  10°  to  100 ;  C  by  1° 

"     33°  "  '270    F  "  1° 

"     10°  "  540D  F  "  2° 

These  are  of  glass,  graduations  on  the  tube. 

Maximum  and  minimum,  tin  case  from —    40'  to     140'  F 

Thermometer  in  brass  case  reading  " 200'  to     740°  F 

Hydrophant,  wet  and  dry  bulb  from 20"  to     120    F 

Crosby  Pyrometer  5"  dial  reading  by  20    from.  .  0"  to  1,400°  F 

E-GUAGKS. 

Mercury  U-Gauge  4'   long,  graduated  to  -fV  inch. 
Wollaston-Prentiss  Anemometer  for  light  pressures. 

This  is  a  special  U-gauge,  3  feet  long,  and  was  described  by  Mr.  Hoadley,  in 
Vol.  VI.,  Tians.  page  725. 

INDICATORS. 

Pair  of  Thompson  indicators  in  case,  nickel  plated,  with  cocks,  and  sprngs  50 
and  60  lbs. 

An  extra  3-way  cock  goes  with  these,  and  a  wooden  Ashcroft  pantagiaph  for 
reducing  motion,  as  well  as  an  Amsler  planimeter,  and  an  instrument  for  proving 
its  accuracy  or  error. 

A  McNaught  indicator  of  the  earlier  style  is  also  in  the  collection. 

Crosby  Revolution  Counter  to  999,999,  with  slotted  lever  complete. 

SCALES. 
One  triangular  steel,  graduated  by  48ths,  50ths,  60ths,  72nds,  9uths,  lOOths. 
One  flat  scale,  graduated  to  64ths  and  lOOths,  on,  the  bevel  of  the  edge. 
Wooden  scales  2'  long,  one  shrink  for  brass.  **■ 

"  "  "  "         "        "  cast-iron. 

"  "  "       double  "        "  steel. 

"  "       one  standard,  graduated  li"  to  the  foot. 

"  "  "  "  "  "         2  "  to  the  foot. 

"  '       ""         "  "  •*        3  "  to  the  foot. 

One  steel  straight  edge,  nickel  plated  -J"  thick. 
One  Lyman  T-square  metal  blade,  vernier-head. 
One  Lyman  vernier-head,  with  wooded  blade  to  the  T-square. 
One  hygrometer  for  oil,  reading,  from  10°  to  45'  Beaume. 
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There  should  also  be  reported,  that  since  the  last  meeting  there 
has  been  added  to  the  library,  the  complete  series  of  the  transac- 
tions of  the  Institution  of  Mechanical  Engineers  of  Great  Britain, 
from  1847  to  date.  The  journal  of  the  Iron  and  Steel  Institute  of 
Great  Britain,  from  1873  to  date,  has  also  been  secured,  and  the 
list  of  current  exchanges  has  been  enlarged  also. 

Gifts  have  been  received  from  the  firm  of  Messrs.  Thomas 
Shanks  and  Co.  of  Johnstone,  near  Glasgow,  Scotland,  of  a  series  of 
photographs  of  very  large  machine  tools  which  have  been  acknowl- 
edged by  the  Council,  and  they  have  directed  that  the  Secretary 
solicit  from  the  members  gifts  of  photographs  of  other  special  tools, 
engines,  and  machinery,  with  the  understanding  that  they  will  be 
filed  in  suitable  portfolios  and  indexed  for  reference  by  visitors. 

The  matter  of  soliciting  from  absent  members  written  discus- 
sions of  papers  which  have  been  presented,  or  from  non-members 
who  are  specialists  in  the  subject  of  which  any  paper  treats,  has 
been  committed  to  the  Publication  Committee  with  power  to  is- 
sue such  invitations  where  they  may  deem  it  advisable  in  any  case. 

The  Couucil  would  also  present  the  Report  of  its  tellers  as  fol- 
lows : 

The  undersigned  were  appointed  a  Committee  of  the  Council  to 
act  as  tellers  under  Rule  13  to  count  and  scrutinize  the  Ballots 
cast  for  and  against  the  Candidates  proposed  for  membership  in 
the  Society  of  Mechanical  Engineers,  and  seeking  election  before 
the  XV th  meeting  of  the  Society,  in  May,  1887. 

They  would  report  that  they  have  met  upon  the  designated 
days  in  the  office  of  the  Secretary  and  proceeded  to  the  discharge 
of  their  duties. 

They  would  certify,  for  the  formal  insertion  in  the  records  of 
the  Society,  to  the  election  of  the  appended  named  persons  to 
their  respective  grades  upon  Lists  No.  1,  2,  and '3,  respectively 
Pink,  Yellow,  and  Green. 

There  were  320  votes  cast  in  the  Ballot  upon  the  Pink  List,  of 
which  7  were  thrown  out  because  of  informalities.  There  were 
304  votes  cast  upon  the  Yellow  Ballot,  of  which  8  were  thrown  out 
because  of  informalities  ;  and  there  were  304  votes  cast  in  using  the 
Green  Ballot  of  which  4  were  thrown  out  because  of  informalities. 

The  Lists  are  appended  below. 

Chas.  T.  Poeter,  )  ,r  „ 
ttt       t^  r  -tetters. 

^\m.  Kent,  j 

New  York,  May  2G,  1887. 
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Ashburner,  Cbas.  A. 
Barnum,  Geo.  S. 
Belli  ngrodt.  M.  O. 
Bigelow.  Frank  M. 
Bole,  Wm.  A. 
Coffin,  Jobu. 
Crane,  Wm,  E. 
Dixon,  Geo.  E. 
Dodds,  Elihu. 
Dutton,  C.  Seymour. 
Eugel,  Louis  G. 
Eiwin,  John  M. 

Freeman,  John  R. 
Geoghegau,  Stephen  J. 
Gould,  Webster  V. 
Hardie.   Robert. 


Members. 

Henry,  Wm.  F. 
Koiton,  James  A. 
Kent,  Edmund. 
Lambert,  W.  C. 
Leavitt,  Frank   M. 
Lewis,  James  F. 
Maillefert,  G.  J. 
Mansfield,  Albeit  K. 
Metcalfe,  John. 
Meyer,  J.  G.  Arnold. 
Nicolle,  J.  O. 
Owen,  Fredeiick  X. 
Parsons,  Harry  de  B. 

(Promotion  from  Jr.) 
Prentiss,  Fred.  H. 
Radford,  Benj.  F. 
Rider,  George  S. 


Ridgway,  J.  T. 
Roberts,  T.  Herbert. 
Schutte,  Louis. 
Scott,  Walter  W. 
Simpkin,   Wm. 
Smith,  Chas.  H.  L. 
Steel,  Charles 
Stewart,  Walter  G. 
Stillman,  Francis  H. 
Thomson,  John. 
Tobey,  Geo.  A. 
Tuttle.  Edgar  G. 
Van  Vleck,  Frank. 
Warrington,  Jesse. 
Whitehead,  Geo.  E. 
Wilcox,  John  F. 
Wood,  De  Volson. 


Brooks,  Thos.  H. 
Gilkerson,  James  A. 


Associates. 

Huston,  Cbas.  L. 
Noye,  Albert  A. 


Temple,  W.  C. 
Zabm,  A.  F. 


Conrad,  Hugh  V. 
Garfield,  Alex.   S. 


Juniors. 

Lyall,  Wm.   L. 
Mumford,  Edward  H. 


Tompkins,  S. 


The  Committee  to  Nominate  Officers  was  appointed  by  the 
Chair  as  follows : 

Mr.  H.  A.  Ramsay,  of  Baltimore. 
Mr.  T.  J.  Borden/ of  Fall  River. 
Mr.  Wm.  H.  Doane,  of  Cincinnati. 
Mr.  W.  H.  Weightinan,  of  New  York. 
Mr.  F.  H.  Underwood,  of  Tolland. 

Invitation  to  visit  the  Baltimore  Manual  Training  School  was 
received  from  Mr.  John  D.  Ford,  and  a  communication  from  Mr. 
John  W.  Weston,  Commissioner-General  for  the  United  States  to 
the  Paris  International  Exposition  of  Railway  Appliances  and  In- 
dustries urged  the  Society  to  cooperate  in  making  that  exhibition 
a  success. 

No  other  new  business  being  presented,  the  professional  papers 
were  taken  up. 

The  paper  of  Mr.  Samuel  Webber,  of  Charlestown,  N.  H.,  was 
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entitled  "Tests  of  the  Comparative  'Value  of  Different  Kinds  of 
Belting.''  Messrs.  Underwood,  Dutton,  Towne.  Olin  Scott,  Ash- 
worth,  Hawkins,  Emery.  Woodbury,  and  Richards  took  part  in 
its  discussion.  The  paper  by  Mr.  L.  II .  Rutherford  (non-member), 
introduced  by  the  Secretary,  entitled  "  Should  a  Piston  Packing 
Ring  be  of  the  same  Thickness  at  every  Point  ?  "  was  discussed  by 
Messrs.  Fawcett,  Porter,  Sweet,  and  Emery. 

Prof.  R.  H.  Thurston's  paper  on  "  The  Systematic  Testing  of 
Turbine  Water  Wheels  in  the  United  States,"  received  discussion 
from  Messrs.  Samuel  Webber  and  Babcock.  The  other  paper  by 
the  same  author,  "Note  on  Helical  Seams  in  Boiler-Making,"  re- 
ceived no  discussion. 

The  topical  discussions  were  then  taken  up  until  the  hour  of 
adjournment.  Messrs.  Stirling,  Almond,  Barnaby,  Tilden,  Scott, 
Towne,  and  Hawkins  replied  to  the  query :  "  What  have  you 
found  the  best  methods  for  removing  smoke  from  blacksmiths' 
shops  ? " 

Messrs.  Stirling,  Couch,  Richards,  Dingee,  Babcock  and  Joseph 
Morgan  spoke  on  the  topic,  "  What  data  can  you  give  about  the 
working  pressure  of  gear  teeth  ?  "  At  the  conclusion  of  this  dis- 
cussion the  session  adjourned. 

The  afternoon  was  devoted  to  visits  of  some  of  the  public 
buildings  of  interest  in  the  city. 

The  evening  session  was  called  to  order  at  eight  o'clock.  The 
paper  by  Mr.  John  T.  Hawkins,  of  Taunton,  was  entitled,  "  The 
Education  of  Intuition  in  Machine  Designing."  Messrs.  C.  A. 
Smith  and  Denton  discussed  the  subject. 

The  two  papers  by  Mr.  C.  E.  Emery,  entitled  "  Notes  for  Dis- 
cussion on  Cylinder  Condensation  and  the  Reduction  of  the  Same 
by  the  Use  of  the  Compound  Engine,"  and  the  other,  "Notes  for 
Discussion  in  Relation  to  the  Development  of  the  Compound 
Engine  and  the  probable  Limit  of  Steam  Pressure  in  Marine  En- 
gines and  Boilers,"  were  presented  and  discussed  together.  Messrs. 
Barrus,  Porter,  Denton,  Joseph  Morgan,  Jr.,  Stirling,  Strong,  Bab- 
cock, and  Emery  spoke  in  discussion. 

Mr.  Emery's  third  paper,  entitled  "  The  Comparative  Value  of 
Steam  and  Hot  Water  for  transmitting  Heat  and  Power,"  was 
discussed  by  Messrs.  Porter,  Bond  and  Babcock.  The  last  paper 
of  the  session  was  that  of  Mr.  Albert  Stearns,  of  Brooklyn,  enti- 
tled "  A  Method  of  Evaporating  by  Exhaust  Steam,"  and  was  dis- 
cussed by  Messrs.  Babcock  and  Miller. 
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Second  Day,  Wednesday,  June  1st. 

The  morning  was  left  without  assignment  to  admit  of  visits  to 
points  of  interest  which  were  not  open  in  the  later  part  of  the 
day.  The  professional  session  was  set  down  for  two  o'clock,  and 
the  economic  topics  had  been  allotted  to  this  afternoon.  The  first 
paper  was  by  Mr.  H.  R.  Towne,  of  Stamford,  Conn.,  entitled 
"Steam  and  Power  :  the  Commercial  Determination  of  Costs."  It 
was  discussed  by  Messrs.  Denton  and  Babcock.  The  second 
paper  of  the  series  was  by  Mr.  William  Kent,  of  New  York,  enti- 
tled "  A  Problem  in  Profit-Sharing."  It  was  discussed  by  Messrs. 
Hewitt,  Hawkins,  Towne,  Doane,  Stifling,  Emery,  Woolson,  Olin 
Scott,  Green,  Fowler  and  Ash  worth,  the  direction  of  debate  be- 
ing so  closelj"  in  the  line  of  the  topical  query  on  this  general  sub- 
ject that  the  two  matters  are  presented  as  one  discussion.  The 
question  was :  "  What  system  of  regulating  wages  of  labor  in  our 
manufacturing  establishments  will  tend  to  make  that  labor  most 
efficient  and  produce  the. largest  returns  both  to  employer  and 
employee  ?  " 

In  continuation  of  the  Topical  Discussions,  Messrs.  Towne, 
Bond,  and  Supplee  answered  the  question,  "  What  is  the  best 
method  and  f<  >rm  of  tool  for  drilling  small  deep  holes  iu  steel  ; 
say  a  hole  half  inch  in  diameter  drilled  four  feet  into  the  end 
of  a  steel  shaft?"  Messrs.  Halsey,  Towne.  Richards,  Bond, 
Scott,  and  Emery  answered  the  query,  "  Have  you  made  aoy  use 
of  calculating  machines  or  tables,  either  in  professional  or  com- 
mercial work  ?  "  A  large  blue  print  was  also  exhibited  and  the 
method  described  by  which  it  had  been  made.  The  plan  was 
proposed  by  Prof.  E.  C.  Cleaves,  of  Cornell,  and  the  description 
and  print  were  sent  by  Prof.  Thruston  for  the  information  of  the 
members.  At  the  close  of  the  discussion,  the  session  adjourned 
at  an  early  hour  to  allow  the  members  to  attend  an  evening  re- 
ception tendered  to  the  Society  by  the  Hon.  Josiah  Dent,  and 
Mr.  Edward  L.  Dent,  at  their  residence  in  Georgetown.  The 
house  belongs  to  the  colonial  period  and  is  notable  as  the  one  in 
which  General  Lafayette  was  entertained  by  Mr.  John  C.  Cal- 
houn.    The  reception  was  much  enjoyed  by  all  present. 

Third  Day,  Thursday,  June  2. 

This  day  was  devoted  to  an  excursion  to  the  home  of  George 
Washington  at  Mount  Vernon.     The  party  boarded  a  boat  down 
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the  Potomac,  at  ten  o'clock,  and  spent  the  afternoon  at  Mar- 
shall's Hall  on  the  Maryland  side  of  the  river,  returning  in  time 
for  the  fourth  professional  session  in  the  evening. 

This  session  was  opened  by  the  paper  of  Mr.  H.  Ashton  Earn- 
say,  of  Baltimore,  entitled,  "  What  are  the  needs  of  our  Navy." 
Messrs.  Crane,  Stratton  Kent,  and  Oberlin  Smith  took  part  in 
discussion. 

The  other  paper  of  the  session  was  that  of  Mr.  Joseph  Mor- 
gan, Jr.,  of  Johnstown,  Pa.,  and  was  entitled,  "  Qui*  Coast  Defense, 
its  Cost  and  its  Mechanical  Problems."  The  discussion  was  opened 
by  Commander  F.  M.  Barber,  U.S.N.,  by  invitation,  and  Capt. 
Kodgers  Birnie,  Jr.,  of  the  Ordnance  Dept.,  U.S.A.,  and  Lieute- 
nant Beehler,  U.S.N.,  had  also  accepted  a  request  to  contribute. 
Messrs.  Oberlin  Smith,  Grimshaw,  and  Stirling,  took  further  part 
in  the  discussion.  At  the  close  of  the  paper  the  session  ad- 
journed. 

Fourth  Day,  June  3,  1887. 

The  morning  was  left  without  assignment  and  parties  visited 
points  of  interest  in  the  city.  The  largest  party  visited  Cabin 
John  Bridge,  which  is  one  of  the  largest  stone  arches  in  the 
world. 

The  fifth  and  concluding  professional  session  was  held  in  the 
afternoon.  The  first  paper  was  by  Mr.  Thos.  S.  Crane,  of 
Newark,  entitled  "Direct-acting  Steam  Yeneer-Cutters,"  and  was 
discussed  by  Messrs.  Stirling,  Walker,  and  Stratton. 

Mr.  Greorge  H.  Babcock,  of  New  York,  presented  his  paper 
on  "  A  New  Method  of  Making  Tubes  from  Solid  Bars,"  and  it 
was  illustrated  by  samples  of  such  tubes  in  steel  and  in  brass. 
The  discussion  was  given  by  Messrs.  Hewitt,  Still  man,  Crane, 
Schuhmann,  Kent,  Hutton,  Grimshaw,  Bond,  J.  F.  Wilcox  and 
Stirling. 

A  paper  by  Mr.  James  Dredge,  of  London,  England,  honorary 
member  of  the  Society,  had  been  sent  in,  entitled  (i  Gaslighting 
by  Incandescence."  The  paper  had  not  been  received  in  time  to 
be  distributed  among  the  members,  but  it  was  presented  under  a 
suspension  of  the  rules  in  reference  to  debate  on  papers,  and  was 
read  in  brief  by  Mr.  W.  H.  Wiley.  No  discussion  being  elicited 
from  those  present,  the  Secretary  was  directed  to  solicit  written 
discussion  from  absent  members. 

The  remaining  Topical  Queries  were  then  taken  up  and  occu- 
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pied  the  time  until  adjournment.  Mr.  Stratton  spoke  on  a  "  form  of 
safety-valve  on  the  weight  and  lever  principle  for  boilers  on  small 
vessels  in  rough  water."  Messrs.  Stirling,  Stratton,  Kent,  Walker, 
Dicey,  Bond,  Randolph,  and  Woolson  discussed  the  question  :  "  Is 
6,000  lbs.  per  square  inch  as  provided  in  the  U.  S.  Inspection  Laws 
for  steam  vessels  a  necessary  limitation  for  stays  in  marine  boilers  ?  " 
In  this  connection  Mr.  Stirling  proposed  that  a  committee  of  the 
society  be  appointed  to  look  into  this  matter  of  boiler  stays  gene- 
rally, and  to  make  the  ■  necessary  experiments,  so  as  to  advise  the 
members  on  these  points.  The  motive  to  appoint  such  a  com- 
mittee was  put  and  was  lost,  the  vote  being  very  light  upon  both 
sides  of  the  question. 

Messrs.  Dutton,  Kent,  Walker  and  Woolson,  discussed  the 
"limit  of  stress  for  chains  as  used  on  cranes:"  Messrs.  Thurston, 
Walker,  Kent,  Bond,  Woolson  and  Babcock  gave  experience  as 
to  the  "  average  efficiency  of  a  man  when  turning  a  crank:  Messrs. 
Bond  and  Walker  spoke  on  the  average  loss  of  efficiency  from 
friction  in  ordinary  hoisting  machines  operated  by  hand. 

This  discussion  concluded  the  professional  material  of  the  ses- 
sion. The  following  resolutions  were  thereupon  presented  by 
Mr.  C.  T.  Porter  : 

Resolved,  That  the  American  Society  of  Mechanical  Engineers  tender  their 
most  sincere  thanks  to  the  members  who  have  acted  as  a  Local  Committee  of 
Arrangements  for  the  Washington  Meeting,  for  their  efforts  and  for  their  success 
in  making  our  meeting  in  that  city  one  of  the  most  enjoyable  of  the  conventions 
of  the  Society.  # 

Pusolrcil.  That  the  Society  desire  to  express  their  most  hearty  recognition  to 
the  Hon.  Josiah  Dent  and  to  Mr.  Edward  L.  Dent  for  the  courteous  reception 
extended  to  them  on  the  occasion  of  the  enjoyable  evening  in  their  hospitable 
and  historic  mansion. 

These  motions  being  put  by  the  President,  were  carried  with 
enthusiasm,  and  the  XVth  meeting  stood  adjourned. 
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CCXLII. 
A  XOTE  OX  HELICAL  SEAMS  IN  BOILER-MAKING. 

BY  R.   H.   THURSTON",   ITHACA.   N.    Y. 

(Member  of  the  Society.) 

In  some  cases  the  seams  of  the  shells  or  the  flues  of  boilers  are 
put  together  in  helical  form,  and  some  increase  of  strength  is  thus 
secured  in  the  longitudinal  at  the  expense  of  the  girth  seams.  If 
n  represent,  the  ratio  of  the  projected  length  of  the  seam  on  the 
circumference  to  the  corresponding  length  of  the  projection  longi- 
tudinally, the  ratio  of  strength,  as  compared  with  the  common 
seam,  is  measured  by  the  ratio, 

re  +  2" 
Or,  in  Figure  150,  let  ABC  represent  a  part  of  a 
sheet  on  which  the  diagonal  A  C  is  the  line  of  the 
joint ;  A  B  is  the  corresponding  longitudinal  joint,  as 
commonly  made,  and  B  C  the  girth  seam. 

Then    the  stress  per  unit  of  length  of  A  B  will  be 
unity  ;  that   on  B  C  will  be  2,  and  the 
*t  total   stresses    will    be,   respectively,    2 
and  n,  where    n    measures    the    ratio 
'  of   B  C  to  A  B,  or  the   "rake"  of  the 
|  seam.     The   total   resultant    stress   will 
I  be  B  E  on    the  joint   A    C,   and    its 
I  normal   component  will    be   B  E}  the 
I  sum  of  the  components  of  those  on  the 
'  longitudinal  and  girth  seams,  A  B  and 
I  B  C,  resolved  perpendicular  to  A  C.  and 
b*  the  intensity  of   that  stress  is  the.  quo- 
tient of  this  sum  divided  by  the  length, 
Hence,   the  intensity  on  A  B  will  be, 


Fig.  150. 
A   C,  of   the  seam. 
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that  on  B  C  will  be 


that  on  A  C  will  be 


_1  x  nAB  _  1 


«  = 


2  sin  #  +  ft  cos  0 


But 


and 


sin  6  = 


Vi  + 


V 1  +  na 


;  cos  0 


w 


V  1  +  ft2 


.       ft2  +  2  .   ^        r,2  +  2 

^3  =  q — r— 2»     and  T  = 


1  4-  n- 


U      %C2  +  2 


r 

?ft* 


When  w  is  given  the  values  below,  the  ratios  of  strength  of  seam 
are  as  tabulated. 


STRENGTH    OF    HELICAL    SEAM. 

(Common  longitudinal  seam  —  1.) 


ft 
0 
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1 

1-25 
1-5 


m 
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1-0 

175 

1-3 

2-00 

14 

3-00 

1-5 

CO 

in 

1-6 

17 

1-8 

2-0 


When  n  =  0,  the  joint  is  parallel  with  the  axis  of  the  cylinder; 
it  becomes  a  longitudinal  seam.  When  n  =  oo ,  it  becomes  a  girth 
seam  of  twice  the  relative  strength.  When  the  angle  of  "  rake"  is 
30°,  the  gain  is  10  per  cent. ;  when  45,  the  gain  becomes  0-4.  It 
is  obvious  that  this  form  of  seam  is  very  wasteful  of  metal,  if  so 
much  inclined  as  to  secure  any  considerable  gain  of  strength,  if 
the  boiler  or  the  flue  is  built  of  a  succession  of  ring  courses  laid 
side  by  side;  in  such  constructions  as  Root's  "spiral  pipe,"  in 
which  the  courses  are  helical,  this  objection  does  not  hold. 
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CCXLIII. 

THE  SYSTEMATIC  TESTING    OF  TURBINE    WATER- 
WHEELS  IN  THE    V SITED   STATES. 

BY  R.  H.  THURSTON,  ITHACA,  K.  T. 

i Member  of  the  Society.) 

The  habitable  portion  of  the  United  States  of  America  (excluding 
Alaska)  extends  over  nearly  45  degrees  of  latitude  and  GO  degrees 
of  longitude.  The  middle  portion  of  this  enormous  territory  is 
level  and  without  streams  of  rapid  fall ;  but  the  Atlantic  coast  is 
supplied  with  an  enormous  water-power  by  large  streams  and  great 
rivers  draining  the  lines  of  the  Cordilleras  Mountains,  a  range  ex- 
tending from  Canada  on  the  north  to  the  Gulf  of  Mexico  on  the 
south,  and  divided  into  several  parallel  ridges  at  many  points  in 
its  length.  Great  rivers  and  many  smaller  streams  also  run  from 
these  mountains  to  the  westward  as  feeders  to  the  Ohio  and  the 
Mississippi.  On  the  west,  the  main  line  and  the  parallels  of  the 
Kocky  Mountains,  and  the  Sierras  on  the  Pacific  Coast,  traverse 
the  country  throughout  its  entire  length,  and  extend  into  British 
America  and  Alaska  on  the  north,  and  through  Mexico  into  South 
America  on  the  south. 

On  the  borders  of  the  great  lakes,  and  here  and  there  in  the 
more  level  country  adjacent  to  the  Mississippi  and  its  feeders,  are 
occasionally  to  be  found  streams  of  consi4erable  magnitude,  afford- 
ing, at  long  intervals,  where  moderate  falls  occur,  sufficient  water- 
power  to  drive  many  mills  and  workshops.  Throughout  Xew  Eng- 
land, the  water-power  thus  available  is  utilized  to  a  very  great 
extent ;  but  in  the  South  and  West,  the  tremendous  energies 
offered  to  the  people  by  the  bounty  of  Nature  have  been  utilized 
to  but  a  very  small  extent. 

The  total  amount  of  steam  and  water-power  employed  in  the 
United  States  was  reported  in  the  United  States  census  of  18S0  at 
3,410,837  horse-power,  an   increase  of  45.4  per  cent,  since  1870. 
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Of  this  power,  steam-engines  furnished  64  per  cent,  and  water- 
wheels  36;  in  86,000  establishments,  there  were  at  work  above 
55,404  water-wheels  of  a  collective  power  of  over  1,225,000  horse- 
power, and  over  56,483  steam-engines  of  2,1S5,45S  horse-power, 
supplied  with  steam  from  72,000  boilers. 

A  considerable  change  in  the  relative  magnitude  of  the  two  kinds 
of  power  has  occurred  during  the  ten  years  which  elapsed  between 
the  census  of  1870  and  that  of  1880.  At  the  earlier  date  the  power 
furnished  was  very  nearly  equally  divided  between  water  and 
steam-power.  The  use  of  steam  has  increased  more  rapidly  than 
that  of  water-power,  and  this  change  will  undoubtedly  continue  for 
an  indefinite  period.  Nevertheless,  the  use  of  water-power  is  grow- 
ing, and  will  continue  to  grow  so  rapidly  as  to  furnish  an  enormous 
and  an  extending  market  until  the  steady  decrease  of  water-power 
available  throughout  the  country  shall,  ere  many  generations,  as- 
sume such  serious  proportions  as  to  affect  the  business  interests  of 
the  nation. 

The  number  of  water-wheels  in  use  in  the  United  States  to-da}- 
exceeds  the  number  of  steam-engines;  and,  of  the  total  amount  of 
power  furnished  by  the  latter,  the  principal  part  is  obtained  from  a 
half-dozen  large  rivers.  The  amount  of  power  so  available  may  be 
imagined,  when  it  is  known  that  the  Merrimac  River  supplies  10,- 
000  horse-power  at  Manchester,  X.  H.,  and  an  equal  amount  at 
Lowell,  under  heads  of  about  50  and  35  feet,  respectively  ;  the 
Mohawk  is  capable  of  furnishing,  in  good  seasons,  10.000  horse- 
power at  Cohoes,  X.  Y.,  under  a  maximum  head  of  100  feet;  the 
Androscoggin  gives,  at  Lewiston,  Me.,  an  equal  amount  under  50 
feet  head,  and  the  Connecticut  River  at  Hoi  joke,  18,000  horse- 
power;  while  the  Falls  of  Niagara  will,  undoubedly,  in  time,  be 
called  upon  to  yield  a  part  at  least  of  their  3,000,000  horse-power 
with  a  head  of  160  feet. 

These  great  Mater-powers  are  usually  under  the  control  of  a  cor- 
poration, empowered,  by  act  of  the  legislature  of  the  State  within 
which  the  fall  is  situated,  to  erect  and  mail! tain  dams  and  acces- 
sories, and  to  use,  or  to  rent,  the  power  so  obtained  at  such  rates  as 
they  may  find  most  profitable.*  Thus  it  happens  that  the  whole 
power  of  the  Merrimac  at  Lowell,  and  that  of  the  Connecticut  at 
Holyoke,  is  controlled   by  a    "  Water-power  Company,"    at  each 

*At  Lowell  the  six  or  seven  principal  manufacturing  corporations  form  the 
Water-power  Company,  owning  shares  of  stock  in  proportion  to  the  power  owned 
by  each  company. 
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place,  and  all  consumers  of  power  are  compelled  to  deal  with  this 
corporation  on  such  terms  as  it  may  dictate.  The  water-power 
companies  are,  however,  directed  by  good  business  men,  who  rec- 
ognize the  advantages  of  a  policy  which  encourages  the  introduc- 
tion of  a  variety  of  manufactures  into  the  place,  and  the  encourage- 
ment of  the  use  of  the  available  power  to  the  best  advantage.  The 
method  of  sale  of  power  is  substantially  the  same  at  all  the  principal 
falls.  Power  is  sold  by  the  "  mill-power,"  which  is  a  quantity  of 
slightly  variable  amount.  At  Lowell  it  is  the  equivalent  of  80  feet 
per  second  under  25  feet  head  ;  at  Minneapolis,  where  the  whole 
current  of  the  Mississippi  pours  over  the  Falls  of  St.  Anthony,  the 
mill-power  is  30  cubic  feet  per  second,  under  22  feet  head,  or  its 
equivalent;  at  Holyoke,  it  is  the  equivalent  of  38  cubic  feet  under 
a  head  of  20  feet.  The  prices  are  very  variable  with  location  and 
time  of  sale.  The  mill-power  at  Lowell  is  equal  to  about  85.2 
theoretical  H.  P.  16  hours  per  day.  None  is  sold,  all  being  used 
by  the  mills  included  in  the  Water-power  Company.  At  Holyoke 
the  payment*  is  but  $300  per  anuum  for  the  equivalent  of  90  H. 
P.,  or  $1.17  per  horse-power. 

The  forms  of  motor  employed  in  the  utilization  of  the  water- 
power  of  the  United  States,  although  very  numerous,  are  almost 
universally  of  the  class  known  as  turbines — wheels  in  which  the 
current  is  received  at  one  extremity  of  a  bucket-channel,  and  dis- 
charged at  the  other  end,  traversing  the  conduit  continuously  and 
not  with  reversal,  as  in  the  older  and  more  cumbersome  "  vertical  " 
water-wheel.  These  wheels  are  all  small  as  compared  with  the 
other  class,  quick-motioned,  light,  and  of  inexpensive  construction. 
A  very  large  proportion  are  of  the  type  which  may  be  designated 
as  the  "inward  and  downward  "  flow.  This  differs  from  the  in- 
ward flow-wheel,  of  which  that  of  Professor  James  Thomson  is 
good  example,  in  the  fact  that  the  bucket  channels  are  so  con- 
structed as  to  turn  the  water  downward,  discharging  it  in  the  line 
of  the  axis.  The  very  best  work  done  in  the  United  States  has 
been  usually  done  by  turbines  of  this  kind.  Some  of  these,  as  have 
many  of  other  kinds,  proved  inefficient  and  unsatisfactory  in 
their  operation  ;  this  is  but  a  natural  consequence  of  the  fact  that  a 
large  number  of  builders  have  gone  into  the  business  without  pos- 
ing the  most  elementary  knowledge,  either  of  the  principles  or 

*  This  is  not  the  price  of  the  power  ;  itisonly  that  portion  of  the  purchase  price 
of  land  and  power  which  the  Water-power  Company  demands  in  the  form  of  an 
annual  rental.     The  balance  may  be,  and  generally  is,  paid  in  money  or  notes. 
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the  working  of  snch  wheels.  In  fact  the  best  work  done  in  the 
country  has  been  that  of  makers  who  have  gradually,  and  at  great 
cost,  in  time  and  money,  experimentally  felt  their  way,  in  the  im- 
provement of  these  motors,  up  to  a  state  of  excellence  in  their 
wheels  which  has  probably  never  been  equaled  elsewhere.  It  may 
undoubtedly  be  the  fact  that  efficiencies,  such  as  will  be  given 
later,  as  obtained  by  test,  have  been  occasionally  attained  by  single 
wheels,  in  instances  in  which  the  wheel  has  been  constructed  with 
extraordinary  care  and  at  great  expense  ;  but  the  American  turbines 
are  usually  cast  with  buckets  in  place,  and  are  set  at  work  very 
nearly  as  they  come  from  the  foundry.  A  sharp  competition  in  the 
market  usually  forbids  the  expenditure  of  much  time  and  labor  in 
finish,  or  in  machine-shop  work.  In  a  few  cases,  including  one 
Avhich  will  be  referred  to  at  some  length  presently,  the  buckets  are 
cast  separately  and  bolted  in  ;  but,  even  in  this  case,  the  surfaces 
of  the  guides  and  buckets  are  left  with  the  skin  upon  them,  just  as 
they  leave  the  foundry. 

The  magnitude  of  the  business  of  turbine-construction,  and  the 
closeness  of  the  competition  among  the  leading  builders,  has  led  to 
the  most  remarkable  success  in  their  efforts  to  reduce  the  cost  of 
construction,  while  increasing  efficiency.  Purchasers,  also,  have 
gradually  come  to  understand  that  no  wheel  can  be  safely  taken  for 
use,  in  localities  in  which  water-power  is  valuable,  or  of  limited 
amount,  without  careful  test  of  its  power,  efficiency,  and  regulation. 
It  has  thus  occurred  that  makers  and  users  have  slowly,  but  steadily, 
appi'oached  a  basis  of  agreement,  in  the  buying  and  selling  of  these 
wheels,  which  seems  now  likely  to  become  universally  accepted  on 
both  sides.  Those  makers  who  do  not  come  to  this  standard  are 
certain  to  be  compelled  to  take  a  secondary  place  in  the  business, 
and  to  submit  to  losses,  both  in  prices  and  of  business. 

The  larger  falls  of  the  Eastern  section  of  the  United  States  are 
usually,  as  above  stated,  under  the  control  of  powerful  corporations 
which  have  secured  the  control  of  the  water-power,  and  rent  the 
power  to  users,  taking,  as  rent,  a  certain  sum  per  "  mill-power/' 
the  power  being  a  gauge  of  the  quantity  of  water  used.  The  water- 
power  companies  have  also  come  to  use  the  wheel  as  a  water-meter, 
and  are  thus  interested  in  determining  the  quantity  of  water  used 
at  the  various  openings  of  gate,  as  well  as  in  ascertaining  the  effi- 
ciency of  the  forms  of  turbine  in  use  among  consumers.  In  several 
ways,  therefore,  influences  have  been  at  work  tending  to  bring 
about  a  system  of  testing  turbine  water-wheels,  and  this  system  is 
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now  thoroughly  established  in  certain  localities,  and  is  already  con- 
trolling the  character  of  wheels,  and  the  methods  of  sale,  in  the 
whole  country.  The  testing  of  turbines  is  no  new  thing,  in  itself, 
but  the  general  use  of  this  method  of  determining  precisely  what 
is  the  value  of  the  wheel  bought  and  sold  is,  so  far  as  the  writer  is 
aware,  peculiar  to  the  United  States. 

The  systematic  testing  of  turbines  was  begun  many  years  ago, 
and  the  following  account,  based  upon  statistics  and  informa- 
tion from  scattered  sources,  but  principally  gathered  through  the 
assistance  of  Mr.  James  B.  Francis  and  of  Mr.  Clemens  Herschel, 
may  prove  interesting. 

The  first  work  of  this  character  was  done  long  before  the 
turbine  became  well  known  in  the  United  States.  As  early  as 
1823,  Fourneyron  had  begun  to  study  the  then  rude  forms  of 
turbines,  with  a  view  to  their  improvement,  and  when,  in  1827,  he 
brought  out  his  own  invention,  he  introduced  with  the  wheel  a 
systematic  test,  by  means  of  the  Prony  Brake,  as  a  no  less  import- 
ant matter  than  the  introduction  of  the  Fourneyon  wheel  itself. 
Using  the  now  common  method  of  determining  efficiency,  he  ob- 
tained, with  somewhat  uncertain  measures  of  water  used,  effi- 
ciencies reported  as  from  65  to  80  per  cent,  for  different  wheels, 
under  varying  heads,  and  at  varying  speeds.  The  use  of  the  brake, 
and  the  careful  test  of  wheels  of  this  class,  has  been  continued  from 
that  day  to  this.  "  La  Societe  d '  Encouragement  pour  1 '  Industrie 
Nationale"  is  to  be  credited  with  the  introduction  of  an  intelligent 
general  system  of  comparison  of  wheels,  and  correct  methods  of 
determining  efficiency,  in  the  establishment  of  a  "Concours"  into 
which  Fourneyron  entered,  receiving  from  the  Society  the  prize  of 
6,000  francs,  offered  for  the  best  wheel  of  this  class." 

Contemporary  engineers  at  once  took  up  this  method  of  com- 
parison of  wheels.  Thus,  Morin,  in  1838,  reports f  the  results  of 
a  trial  of  a  Fourneyron  wheel,  as  giving  an  efficiency  of  69  per  cent., 
with  but  slight  change  of  value  for  a  wide  range  of  speeds,  and  it  ran 
equally  well,  whatever  the  degree  of  submergence.  With  another 
wheel,  he  obtained  75  per  cent.  Combes,  at  about  the  same  time, 
found  that  he  could  get  an  efficiency  of  above  50  per  cent,  with  his 
reaction  wheels;;}:  and  Redtenbacher  made  similar  tests  of  turbines 


*  Memoire  sur  les  Turbines  Hydrauliques  ;  H.  Fourneyon,  Bruxelles,  1840. 
f  Experiences  sur  les  Roues  Hydrauliques  ;  Paris,  1838. 
%  Weisbach. 
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in  Germany.  From  that  time  forward,  this  was  a  standard  method 
of  testing  turbines  in  Europe. 

The  earliest  systematic  test  of  turbines  in  the  United  States,  so 
far  as  can  be  ascertained,  was  made  by  a  then  well-known  engineer, 
Mr.  Ellwood  Morris,  of  Philadelphia,  in  1843,  and  in  the  State  of 
Delaware,  as  reported  in  the  Journal  of  the  Franklin  Institute  for 
December,  of  that  year.  The  maximum  efficiency  reported  is  75 
per  cent.  This  was  reached  when  the  velocity  of  whirl,  at  the 
interior  of  the  wheel,  was  45  per  cent,  of  the  velocity  due  the  whole 
head.  In  the  following  year,  in  February  and  March,  Mr.  James 
B.  Francis,  who  has  since  become  a  distinguished  engineer,  and 
well-known  for  his  extensive  and  valuable  work  in  this  direction, 
and  in  establishing  useful  hydraulic  formulas,  determined  the 
power  and  efficiency  of  a  high-breast  water-wheel,  in  the  city  of 
Lowell,  using  a  Prony  Brake,  fitted  with  a  dash-pot,  to  prevent 
irregular  operation;  this  "hydraulic  regulator"  is  said  to  have 
been  suggested  by  Mr.  Uriah  A.  Boyden,  the  great  engineer,  who, 
later,  designed  turbines  of  extraordinary  efficiency.  This  was 
probably  the  first  application  of  this  important  detail  in  the  use  of 
this  brake. 

In  the  months  of  January,  February,  and  March,  1845,  Mr. 
Boyden  made  a  trial  of  a  turbine,  designed  by  himself,  in  the 
city  of  Lowell,  using  the  Prony  Brake,  and  obtained  an  efficiency 
of  78  per  cent,  as  a  maximum.  In  December,  184G,  he  made 
similar  trials  of  one  of  his  turbines,  at  the  Appleton  Mills,  in 
Lowell,  and  there  obtained  88  per  cent.  These  wheels  were  of  the 
Fourneyron  type,  with  certain  improvements  effected  by  Mr. 
Boyden,  including  diffusers  and  other  peculiar  devices. 

Mr.  Boyden,  in  1846,  contracted  with  the  Atlantic  Cotton  Mills 
of  Lawrence  for  three  large  turbines,  to  be  designed  by  him,  and 
built  under  his  superintendence,  the  compensation  for  services,  and 
for  patent  rights,  to  be  $2,000  if  the  efficiency  should  attain  76 
per  cent.,  and  $350  for  each  additional  one  per  cent,  gained  above 
that  figure.  The  trial,  under  the  contract,  was  made  in  1851  by 
the  designer;  but  as  the  parties  to  the  agreement  could  not  come 
to  an  understanding,  a  law-suit  followed  ;  but  the  case  was  sent  by 
the  presiding  justice  to  a  Board  of  Referees,  consisting  of  Professor 
Joel  Parker,  of  the  Law  School  of  Harvard  College,  Benjamin 
Pierce,  the  distinguished  Professor  of  Mathematics  at  the  same 
institution,  and  Mr.  Francis.  This  Board  received  the  evidence  in 
the  case,   and  found   that   the   various  methods  of  reckoning   the 
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water  consumed,  as  presented  by  the  attorneys  for  both  sides,  pro- 
duced calculated  efficiencies  varying  from  S8.5  per  cent,  upward* 
This  minimum  quantity,  as  given  by  their  measurement,  was  claimed 
by  the  proprietors  of  the  mills,  and  was  accepted  by  the  Board,  and 
the  contract  was  so  settled.  One  of  these  wheels  more  recently 
tested  gives  the  following  figures,  which  are  more  nearly  repre- 
sentative of  recent  practice. 

Tests  of  ax  81''  Boydex  Turbine. 


Gate. 

Prop.  Disch. 

Head. 

Revs. 

H.  P. 

Efficiency. 

1.000 

1.000 

12.90 

51.06 

160.51 

79.37 

0.870 

0.994 

12.88 

51.28 

156.74 

78.17 

.747 

.959 

13.01 

50.12 

149.20 

76.18 

.493 

.786 

13.28 

51.83 

107.54 

64.97 

.251 

.535 

13.42 

50.10 

45.99 

39.80 

Mr.  Francis  continued  the  work  of  determining  the  efficiency  of 
turbines  from  this  time  forward,  testing  many  wheels  of  several 
types.  Kis  most  extensive  and  most  important  work  is  described, 
in  great  detail,  in  his  Lowell  Hydraulic  Experiments.*  In 
this  book,  he  gives  the  data  upon  which  he  bases  the  formula  for 
flow  of  water  over  weirs,  which  is  now  used  by  all  American  en- 
gineers in  work  of  this  character.  He  also  deduces  rules  of  con- 
struction  which  have  since  been  very  generally  used  in  the  design 
of  turbines  of  the  Fourneyron  type,  and  which  have  been  found 
to  give  excellent  results.  They  are,  however,  like  all  empirical 
rules,  to  be  used  with  caution  where  the  conditions  to  be  met  differ 
from  those  of  the  tests  upon  which  they  were  based.  Mr.  Francis 
has  used  these  rules  in  the  construction  of  a  large  number  of 
wheels  built  for  the  mills  at  Lowell,  and  with  great  success. 

The  system  of  trial  of  wheels  proposed  to  be  used  by  purchasers 
of  water  from  the  water-power  company  with  which  Mr.  Francis 
has  been  connected,  and  for  the  purpose  of  making  them  meters, 
was  first  introduced  by  him,  and  has  now  been  found   an  essential 


New  York,  D.  Van  Nostrand,  1880. 
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feature  of  the  successful  management  of  this  kind  of  property ; 
all  large  water-power  companies  now  practice  *it.  This  system 
will  be  referred  to  again  later.  The  regular  testing  of  water- 
wheels  has,  from  this  period,  never  ceased.  Many  tests  have  been 
made  at  Lowell  by  Messrs.  Francis  and  Mills,  and  similar  trials 
have  been  made  at  Philadelphia,  and  at  other  places  at  which  con- 
siderable water-power  is  available,  and  in  use. 

One  of  those  engineers  who  have  done  much  work  of  this  char- 
acter is  Mr.  James  Emerson,  whose  history  illustrates  the  pe- 
culiarly American  habit  of  passing  from  one  business  to  another 
with  remarkable  facility,  and  yet  contriving  to  accomplish  some- 
thing, wherever  he  may  find  himself.  Mr.  Emerson  was  a  seaman 
during  the  earlier  part  of  his  life,  and  in  1868,  while  contriving  a 
new  form  of  dynamometer,  of  the  transmitting  kind,  he  was  re- 
quested, by  Mr.  A.  M.  Swain,  to  design  a  Prony  Brake  embody- 
ing his  improvements,  for  the  purpose  of  testing  a  form  of  turbine 
then  constructed  by  Mr.  Swain,  and  to  be  tested  in  a  flume  built 
by  that  engineer  from  designs  by  Mr.  Francis.  Mr.  Emerson,  at 
this  time,  as  he  states,  was  entirely  ignorant  that  such  an  instru- 
ment had  been  earlier  invented,  and  had  never  heard  the  name 
of  the  Prony  Brake. 

The  instrument  was  designed  and  constructed,  and  the  wheel 
was  tested  by  Mr.  Emerson,  at  Lowell,  at  a  flume  specially  built 
for  the  purpose.  The  results  were  so  encouraging,  that  it  was  con- 
cluded to  employ  a  professional  hydraulic  engineer  to  repeat  and  re- 
vise the  work  with  Mr.  Emerson.  The  engineer  selected  was  Mr. 
EL  F.  Mills,  of  Boston,  and  the  Swain  Turbine  Co.,  having  decided 
to  open  their  flume  for  the  purpose,  a  competitive  test  of  all  tur- 
bines which  might  be  offered  for  the  purpose  was  announced,  June 
16,  1869.  The  pit  was  14  feet  wide,  30  feet  long,  and  3  feet  deep, 
measuring  from  the  crest  of  the  weir.  The  best  results  were  ob- 
tained  with  the  Swain  and  Leftel  wheels,  ranging,  for  the  first, 
from  0.668  up  to  0.789,  and  for  the  second,  from  0.619  up  to 
0.799.  The  Swain  wheel  was  stated  by  Mr.  Emerson  to  have  ex- 
hibited great  internal  friction,  and  to  have  lost  efficiency  seriously 
from  that  cause.  Later  tests,  especially  those  reported  upon  by 
Mr.  Mills,"  confirm  this  conclusion,  giving  efficiencies  exceeding 
80  per  cent,  as  follows  : 

*  Journal  Franklin  Institute,  18T0. 
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Tests  cp  a  42"  Swain  Turbine. 


Gate. 

Prop.  Disch. 

Head. 

Revs. 

H.  P. 

Efficiency. 

1.000 

1.000 

14.25 

119.13 

62.81 

82.20 

0.750 

0.853 

14.45 

119.81 

51.20 

77.50 

.714 

.774 

12.55 

115.04 

39.22 

75.30 

.476 

.589 

13.00 

108.58 

27.08 

66.20 

The  competitive  test  just  described  seems  to  have  been  the  be- 
ginning of  a  series  of  such  tests,  as  well  as  of  a  general  system  of 
public  tests  of  turbines  at  testing  flumes  open  to  all  users  and  build- 
ers of  wheels,  and  these  tests  have  continued,  in  the  United 
States,  to  the  present  time.  The  reports  upon  the  results  of  tests 
made,  as  just  described,  at  Lowell,  attracted  the  attention  of  the 
late  Mr.  Stuart  Chase,  then  agent  of  the  Holyoke  "Water-power 
Company,  who  at  once  saw  the  immense  importance  of  securing 
the  adoption  of  such  a  system,  at  Holyoke,  for  the  benefit  of  the 
company  with  which  he  was  connected.  He  wrote  to  Mr.  Emer- 
son :  "  The  testing  of  turbines  is  the  only  way  to  perfect  them, 
and  that  is  a  matter  of  great  importance.  Move  your  works  to 
Holyoke,  and  use  all  the  water  that  is  necessary  for  the  purpose, 
and  welcome,  free  of  charge."  At  Lowell,  Mr.  Emerson  had  been 
compelled  to  pay  for  the  water  used.  At  this  time,  Mr.  Emerson 
was  conducting  the  tests  as  a  matter  of  private  business.  He  at 
once  accepted  the  liberal  offer  thus  tendered  him,  and  removed  to 
Holyoke,  where  he  continued  the  testing  of  turbines  until  it  was 
taken  in  hand  by  the  Holyoke  Water-power  Company.  The  re- 
ports of  work  done  were  published  ;  and  undoubtedly  were  the 
means  of  bringing  a  number  of  wheels  up  to  a  state  of  high  effi- 
ciency. The  reports  were  found,  by  hydraulic  engineers,  to  be 
full  of  valuable  data,  and,  although  not  systematically  arranged,  or 
as  complete  in  the  analysis  of  the  distribution  of  useful  and  lost 
work  as  a  professional  might  have  made  them,  form  an  extensive 
and  valuable  collection  of  figures.  These,  with  such  reports  as 
those  of  Mr.  Francis,  embodying  the  most  painstaking  analysis, 
supply  the  engineer  with  much  of  the  essential  data  needed  in  his 
work.  The  later  work  of  the  Holyoke  Water-power  Company, 
which  combines  the  facts  and  data  with  careful  and  skillful  analy- 
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sis,  is  likely  to  prove  still  move  valuable.  It  will  be  described  at 
considerable  length  presently. 

One  of  the  earliest  tests  of  turbines,  at  the  finine  at  Holyoke, 
was  witnessed  by  the  writer  in  August,  1872,  he  having  been  in- 
vited to  be  present  at  the  test,  with  two  of  the  oldest  hydraulic 
engineers  in  the  United  States,  Messrs.  Samuel  "Webber  and  L.  M. 
Wright — the  latter  of  whom  was  well  known  as  the  engineer  who 
so  boldly  and  skillfully  ganged  the  Niagara  River,  at  the  Falls, 
driving  the  little  steamer.  Maid  of  the  Mist,  up  under  the  falls,  as 
closely  as  her  power  would  carry  her,  and  sounding  a  line  directly 
across  the  stream  at  that  point.  The  best  figures  obtained  at  this 
trial,  which  were  those  of  a  wheel  designed  and  built  by  Mr.  N. 
F.  Burnham,  of  York,  Penn.,  were  as  follows:  the  wheel  was 
36  inches  in  diameter,  the  head  above  the  wheel  18  feet.  The 
efficiency  at  full  gate  was  from  78.1  to  81  per  cent.,  the  revolutions 
ranging  from  156  down  to  147  per  minute,  and  the  best  work  be- 
ing done  at  the  latter  speed.  The  power  of  the  wheel  varied  be- 
tween 53.18  and  55.45  H.  P.,  discharging  from  1991.52  to  2005.73 
cubic  feet  per  minute.  A  second  wheel  gave  efficiencies  closely 
approximating  80.5  per  cent.  Each  was  tested  five  times  under 
the  same  head,  and  at  full  gate,  the  variation  of  efficiency  proving 
to  be  unimportant  at  successive  trials  under  similar  conditions. 
Part-gate  tests,  made  by  blocking  up  guides,  were  also  made,  giv- 
ing lower  figures  which  are  of  no  value  as  indicating  the  efficiency 
of  the  wheel  as  ordinarily  used  with  its  usual  method  of  governing. 
Mr.  Burnham,  whose  wheel  is  here  referred  to,  was  one  of  the  first 
builders  in  the  United  States  to  put  up  a  flume,  and  to  determine 
the  efficiency  of  his  own  wheels  by  test.  His  flume  was  built  in 
the  early  part  of  the  year  1870. 

In  1876,  the  Centennial  Commission  authorized  the  judges  at 
the  International  Exhibition  to  conduct  a  series  of  trials  of  turbines 
there  on  exhibition.  The  apparatus  for  use  at  these  Centennial 
tests  was  constructed  for  the  purpose,  under  the  supervision  of  one 
of  the  most  experienced  hydraulic  engineers  in  the  United  States, 
Mr.  Samuel  Webber,  of  Charlestown,  N.  IT.,  one  of  the  judges  in 
that  department,  and  a  member  of  the  American  Society  of  Mechan- 
ical Engineers. 

A  large  tank  was  built  under  the  floor  of  the  "Hydraulic  An- 
nex," and  at  a  height  of  33  feet  above  it  was  placed  another  tank 
supplied  from  the  lower  one  by  a  set  of  Andrews  centrifugal 
pumps,  capable    of   raising  nearly  2000  cubic  feet  of  water  per 
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minute.  The  pen-stock  was  4  feet  in  diameter  to  the  wheel  cas- 
ing, which  was  8  feet  in  diameter,  and  6  feet  high.  The  tail- 
race  was  14  feet  wide  and  8  feet  deep,  terminating  at  the  large 
tank  under  the  floor.  The  measuring  weir  was  9  feet  long,  the 
water  flowing  over  an  edge  formed  on  a  cast-iron  plate,  planed 
down  to  4-inch  thickness  and  then  beveled  to  an  ed^e  at  an  angle 
of  45  degrees. 

The  method  of  test  was  essentially  that  practiced  by  Mr.  Fran- 
cis, and  will  be  more  fully  described  later  in  the  account  to  be 
given  of  the  testing  flume  at  Holyoke.  Many  of  the  wheels  of- 
fered for  test  were  found,  as  is  very  usually  the  case,  to  be  more  or 
less  defective  in  fitting  and  workmanship,  and  the  results  obtained 
were  not  always  such  as  to  reflect  great  credit  upon  American 
builders  of  turbines.  All  the  wheels  tested,  with  two  exceptions, 
were  made  in  the  United  States.  Two  Canadian  wheels  gave 
a  very  good  record  at  full,  or  nearly  full,  gate.  The  competitive 
tests  and  the  private  tests  made  since  that  time  by  builders  desirous 
of  improving  their  wheels  have  brought  about  great  changes  in 
design,  and  correspondingly  great  changes  in  the  efficiency  of  the 
wheels  made  by  the  best  constructors  in  the  United  States. 

The  best  results  reported  at  the  Centennial  Exhibition  were 
given  by  a  Risdon  Turbine,  a  wheel  of  the  inward  and  downward 
flow  type,  the  most  successful  type  now  known  in  the  United 
States.  The  Swain  wheel  tested  at  Lowell,  as  above,  is  also  of  this 
kind.  The  Risdon  wheel  was  30  inches  in  diameter,  1.006  square 
feet  area  through  the  minimum  sections  of  wheel  buckets,  1.257 
feet  through  the  guides,  and  delivered  the  water  from  the  bucket 
orifices  at  a  velocity  relative  to  the  wheel,  of  624  per  cent,  that  due 
the  total  fall — say  70  per  cent,  that  due  the  effective  head  at  the 
entrance  to  the  guides.  These  proportions  may  seem  peculiar  to 
European  constructors  of  turbines  ;  but  the  judges  making  the 
tests  (Report,  p.  10)  reported  87.68  per  cent,  at  full  gate.  This 
figure  is  subject  to  the  criticism  made  below,  but  so  remarkable 
nevertheless  that  it  can  hardly  be  questioned  that  the  peculiar  pro- 
portions of  the  wheel  are  such  as  are  well  adapted  to  reduce  loss, 
by  friction  and  disturbance  of  current,  to  a  minimum.  This  wheel 
had  previously  been  tested  in  the  old  flume  at  Holyoke,  with 
quite  different  results,  giving  90.22  per  cent,  at  full  gate.  At 
this  trial,  it  discharged  the  water  from  the  exit  orifices  of  the 
wheel  with  a  relative  velocity  of  611  per  cent,  that  due  the  total 
tall.     Tested  once  more  by  Emerson,  after  the  exhibition  had  closed, 
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and  at  the  old  flume,  the  wheel  gave  a  maximum  efficiency  of  86.41 
per  cent.  These  differences  in  efficiency  are  attributed  to  varia- 
tions in  the  setting  of  the  wheel  ;  but  they  would  seem  to  the 
writer  quite  as  likely  to  be  evidences  of  variation  of  accuracy  of  ap- 
paratus, or  of  tests,  amounting  to  several  per  cent.  At  the  ex- 
hibition, the  wheel  was  so  set  that  its  loss  by  friction  and  leakage 
was  made  a  minimum. 

The  velocity  of  whirl  of  these  turbines,  at  the  receiving  side, 
exceeds  that  of  the  water  at  entrance  from  the  guides,  giving 
unusual  power  to  the  wheel  for  its  size. 

The  following  is  a  tabular  statement  of  the  results  reported  by 
the  committee  to  the  authorities,  at  the  close  of  the  tests  of  all 
turbines  entered  at  the  Centennial  Exhibition  : 

TESTS   OP   TURBINE  WATER-WHEELS   AT  THE  V.  S.  CENTENNIAL   EXHIBITION,  1876 


MAKER'S  NAME, 
OR  NAME  THE  WHEEL  IS  KNOWN  BY 


I  Per  cent. 
I  at  full 
|  gate  or 
discharge, 


Percent, 

at  about 

9-10 

1    of  lull 

discharge. 


Risdon  Wheel 

National   Wheel   

Geylein  Wheel  (single). . , 

Thos.  Tait 

Goldie  &  McCulloUgh..., 
Rodney  Hunt  Mach,  Co.. . 

Tyler  "Wheel 

Geylein's  (duplex)  * , 

Knowlton  &  Dolan 

E.  T.  Cope  &  Sons 

Barber  &  Harris 

York  Manufacturing  Co  . 

W.  F.  Mosser  &  Co 

A.  N.  Wolf , 

A.  N.  Wolf 

0.  J.  Bollinger , 

American  Turbine 

Chase  Turbine  Co 

York  Manufacturing  Co. 

(experimental) 

J.  T.  Noye  &  Sons , 


87.68 
83.79 
83.30 
82.13 
81.21 
78.70 
79.5'J 
77.57 
77.43 
76.94 
7(3.16 
75.70 
75.15 
74.89 
72.50 
70.46 
68.59 
68.30 

67.63 
65.68 


71.66 

74.25 
73.'33 
74.89 

68.'78 
67.79 

65.59 


Per  cent, 
at  about 


of  full    |    of  full 
discharge,  discharge, 


86.20 

71.01 
81*24 

69.92 

67.08 
71.90 

71.66 

65.33 
69.29 

51.15 


82.41 
70.79 

76.46 
55.90 
68.60 
79.92 


67.57 
70.52 
74.15 


57.52 


64.80 


Per  cent, 
at  about 


Per  cent, 
at  about 


of  full     I    of  full 
discharge,  discharge 


66.35 

51.03 
67.23 

74.74 
62.75 

70.87 
62.06 

65.00 

60.20 


61.42 


75.35 


69.59 


71.74 

66.04 
61.82 
64.30 
55.52 


Per  cent 
at  about 

4-10 
of  full 

discharge. 


55.00 


60.14 


The  limits  of  error  are  evidently  here  very  uncertain  ;   they  are 
undoubtedly  considerable  as  compared  with  the  later  work  done  in 


*  This  wheel  was  a  double  wheel  with  double  guide*,  having  no  gate.  Only 
one  part  of  the  wheel  and  guide  was  uncovered  to  get  part-gate  results.  There- 
fore the  part-gate  result  reported  is  not  a  part-gate  compared  with  the  other 
wheels,  but  a  full-gate  test  of  a  wheel  venting  about  five-eighths  of  the  water  of 
the  combined  wheel. 
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the  permanent  flume  at  Holyoke — possibly  they  may  be  as  much 
as  4  or  5  per  cent. 

The  later  great  work  of  improvement  of  American  turbines,  by 
systematic  test,  has  been  principally  effected  at  the  Holyoke  flume. 

The  object  aimed  at  by  the  Water-power  Companies  of  Lowell  and 
of  Holyoke,  in  the  establishment  of  testing  flumes  for  turbines,  is  the 
determination  of  the  power  and  efficiency,  the  best  speed,  and  the 
quantity  of  water  flowing  at  from  whole,  to,  say,  half  gate,  so  exactly 
that  the  wheel  may  be  used  as  a  meter  in  the  measurement  of  the 
water  used  by  it.  The  quantity  of  water  passing  through  the 
wheel,  at  any  given  gate-opening,  will  always  be  practically  the 
same  at  the  same  head,  and  the  wheel  having  been  tested  in  the  pit 
of  the  testing  flume,  and  its  best  speeds  and  highest  efficiency  de- 
termined, and  a  record  having  been  made  of  the  quantity  of  water 
discharged  by  it  at  these  best  speeds  and  at  all  gates,  the  turbine  is 
set  in  its  place  at  the  mill,  speeded  correctly  for  the  head  there 
afforded,  and  a  gauge  affixed  to'  its  gate  to  indicate  the  extent  of 
gate-opening.  The  volume  of  water  passing  the  wheel  at  various 
openings  of  gate  having  been  determined  at  the  testing  flume,  and 
tabulated,  the  engineer  of  the  Water-power  Co.  has  only  to  take 
a  look  at  the  gauge  on  the  gate,  at  an}-  time,  or  at  regular  times, 
and  to  compare  its  reading  with  his  table  of  discharges,  to  ascertain 
what  amount  of  water  the  wheel  is  taking,  and  to  determine  what, 
is  due  the  company  for  the  operation  of  that  wheel,  at  that  time. 
The  wheel  is  thus  made  the  best  possible  meter  for  the  purposes  of 
the  vender  of  water. 

Knowing,  also,  the  efficiency  of  the  wheels  drawing  from  the 
canals  controlled  by  the  corporation,  it  soon  becomes  to  the  inter- 
est of  both  user  of  wheel  and  vender  of  water  carefully  to  test 
wheels  proposed  for  use  at  that  site,  and  to  select  by  such  test  the 
most  economical  wheel,  both  as  a  matter  of  economy  of  cost  in 
purchasing  water,  and  as  a  means  of  making  the  most  of  the  avail- 
able water-power,  when,  as  is  now  the  case  at  all  large  centers  like 
the  cities  here  referred  to,  the  demands  for  water  at  market  rates 
may  exceed  the  supply.  The  interest  of  the  proprietors  of  the 
water-power,  as  well  as  of  the  citizens  of  the  place,  dictate  the 
adoption  of  a  policy  which  will  encourage  the  development  of  man- 
ufactures, and  will  lead  to  the  extension  of  the  privilege  of  water 
consumption  to  as  many  takers  as  possible.  The  introduction  of 
efficient  wheels  thus  becomes  the  declared  policy  of  every  water- 
power  company.     It  has  thus  happened  that  old  wheels  of  Boyden, 
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which  are  modified  Fourneyron  turbines,  and  others  which  were 
also  once  famous  for  their  efficiency,  have,  during  later  years,  been 
displaced,  at  Lowell,  by  more  modern  wheels.  At  Holyoke,  as  at 
the  former  city,  the  tendency  is  very  strongly  exhibited  to  use  only 
a  very  small  number  of  makes  of  wheel,  selecting  the  best,  by  test 
at  the  flume  established  for  the  purpose  by  the  company  supplying 
the  water.  The  work  of  the  distinguished  engineer  of  the  Lowell 
Company,  Mr.  J.  B.  Francis,  at  that  place,  and  the  work  recently 
done  at  Holyoke  by  Mr.  Herschel,  in  this  direction,  is  having  a 
wonderful  effect  for  good,  in  the  encouragement  of  the  develop- 
ment of  efficient  motors  of  this  class,  and  in  the  opening  to  such 
efficient  wheels  of  a  large  and  a  healthy  market.  The  trade  is 
settling,  after  a  period  of  uncertainty  and  irregularity,  into  a  very 
satisfactory  condition — to  those  who  are  so  fortunate  as  to  be  able 
to  build  a  wheel  that  comes  up  to  the  very  stringent  specifications 
of  the  buyer,  in  price  and  performance.  Fortunately,  experience 
and  direct  test  of  the  wheels  in  the  market,  show  that  the 
efficiency  of  turbines  has  been  ,  increased  without  at  all  complicat- 
ing them  in  design,  or  adding  to  the  cost  of  their  construction. 

The  Holyoke  Water-power  Company,  having  arranged  for  test- 
ing turbines  at  the  flume  constructed  for  Mr.  Emerson,  at  Hol- 
yoke, for  the  purpose  of  determining  the  standing  of  wheels 
offered  for  use  at  that  place,  by  their  tenants,  determined  to  issue  a 
general  call  to  builders  and  makers  of  wheels,  asking  them  to  send 
in  their  turbines  for  test.  Accordingly  the  following  circular  was 
sent  to  the  principal  builders  : 


HOLYOKE   WATER-POWER   COMPANY, 
Holyoke.  Mass..  April  10 

Notice  to  Turbine  Builders  and  Manufacturers. 

The  practice  of  testing  turbines,  so  common  the  past  ten  years,  has  undoubt- 
edly done  much  toward  bringing  the  best  into  use  ;  but  there  has  been  one 
serious  defect  in  the  system  ;  that  is,  the  practice  has  generally  been  confined  to 
the  trial  of  small  wheels,  owing  to  the  great  expense  that  would  be  caused  by  the 
tests  of  large  sizes.  As  it  is  a  matter  of  vast  importance  that  the  best  turbine 
plans  should  be  established  beyond  chance  for  doubt,  this  Company  has  provided 
means  for  a  thorough  competitive  test  of  the  various  kinds  of  turbines  that  may 
be  offered  for  trial,  and  invite  Water-power  Companies,  cities  that  pump  their 
water  supply,  and  all  others  interested  in  the  matter,  to  take  part  therein.  Each 
builder  shall  superintend  the  setting  of  his  wheel  —the  setting  and  testing  to  be 
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done  at  the  expense  of  the  Water-power  Company.  *  Capacity  of  each  wheel  to 
be  sufficient  to  discharge  about  5,000  cubic  feet  of  water  per  minute,  under  18 
feet  head.  Each  wheel  will  be  thoroughly  tested  from  half  to  whole  gate,  and, 
if  deemed  best,  under  at  least  two  different  heads  ;  also  under  several  feet  of 
back  water.  At  the  conclusion  of  the  trial,  a  full  report  will  be  made  of  the 
results  obtained  and  of  the  workmanship  and  probable  durability  of  each  kind 
of  wheel  tried.  Turbine  builders  of  this  or  any  other  country  are  invited  to 
furnish  wheels,  and  those  proposing  to  do  so  should  give  notice  of  such  intention 
as  soon  as  possible. 

Tests  to  commence  the  first  day  of  September  next. 

Builders  were  also  requested  to  furnish  "draught-tubes,"  or  "  suc- 
tion-pipes," in  order  that  the  value  of  such  appendages  might  be 
ascertained,  and  manufacturers  of  gearing  were  desired  to  send  in 
gearing  for  the  purpose  of  giving  an  opportunity  of  measuring  the 
loss  of  efficiency  in  the  machinery  of  transmission.  The  wheels 
were  set  under  the  direction  of  Mr.  Emerson;  the  tests  were 
directed  by  Mr.  "Webber,  and  the  builders  were  represented  at  the 
flume  by  Mr.  Theo.  G.  Ellis,  since  deceased.  The  report  on  the 
tests  made  was  prepared  by  Messrs.  Ellis  and  "Webber,  and  certi- 
fied to  by  Mr.  Emerson.  The  work  was  done  publicly,  in  the  pres- 
ence of  the  representatives  of  the  builders  of  the  wheels  and  of 
invited  witnesses,  including  a  number  of  distinguished  engineers. 
The  following  is  an  abstract  of  the  results  reported,  as  published  by 
the  Holyoke  "Water-power  Company.f 


TESTS    OF    TURBINES. 
Holyoke,  Mass.,  U.  S.  A.,  1879. 

Table  Siiowing  Average  Efficiencies  at  Part-gate. 


Name. 

i  to  }. 
Per  cent. 

£  to  full. 
Per  cent. 

I  to  full. 
Per  cent. 

.737 
.732 
.708 
.665 
.080 
.696 
.619 
.397 

.805 
»   .795 
.786 
.706 
.744 
.721 
.712 
.717 

.771 

.763 

.747 

Tyler 

.715 

Tait 

.712 

Thompson 

.709 

.666 

.557 

During  the  tests,  the  best  speed  was  found  for  full-gate,  and  the 

*  Builders  who  have  not  patterns  for  wheels  of  so  large  capacity  may  enter 
their  largest  size,  but  it  is  better  that  all  should  discharge  about  the  same  quan- 
tity. 

f  Holyoke  Hvdrodynamic  Experiments,  1879-80.     Springfield,  1880. 
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water  then  gradually  shut  off  to  part-gate,  falling  to  about  one- 
half  the  maximum,  the  engineers  noting  the  efficiency  at  the 
several  rates  of  supply. 

The  results  of  these  tests  are  also  represented  graphically  in  the 
accompanying  illustration,  Fig.  130,  in  which  the  abscissas  measure 
the  proportion  of  water  used,  and  the  ordinates  are  proportional  to 
the  efficiencies  obtained.  The  diagram  so  obtained  gives  a  better 
idea  of  the  relative  standing  of  the  wheels  than  does  the  table,  and 
shows  better  the  effect  of  variation  of  gate  upon  each. 

Examining  the  diagram  and  the  foregoing  table,  it  will  be 
observed  that  the  Houston  turbine,  which  has  the  highest  percent- 

TESTS  OF  TURBINES 

Holyoke,  Mass.,  1879. 
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VARYING    EFFICIENCIES  WITH  VARYING    FLOW 


Fig.  130. 


age  of  effect  at  full-gate,  is  the  least  efficient  at  from  half  to  three- 
quarters,  and  from  half  to  full  gate,  of  all  those  shown  on  the 
diagram,  and  is  only  superior  to  the  Nonesuch  at  from  three-quar- 
ters to  full-gate,  and  that  by  a  very  trifling  amount.  The  wheel 
which  apparently  has  the  highest  percentage  is  really  the  least 
desirable  for  actual  use.  Taking  the  average  useful  effect  of  the 
wheels  shown  from  one-half  to  full  gate  as  a  measure  of  their  effi- 
ciency, their  relative  value  is  in  the  order  shown  in  the  table. 

The  experiments  with  "draught-tubes,"  or  "suction-tubes,"  which 
were  actually  "diffusers"  in  their  effect,  so  far  as  the  writer  has 
been  able  to  analyze  them,  indicate  the  loss  by  friction  which 
should  be  anticipated  in  such  cases,  this  loss  decreasing  as  the  tube 
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increased  in  size,  and  increasing  as  its  diameter  approached  that  of 
the  wheel — the  minimum  diameter  tried.  It  was  sometimes  found 
very  difficult  to  free  the  tube  from  air  completely,  and  next  to 
impossible,  during  the  interval,  to  control  the  speed  with  the  brake. 
Several  trials  were  often  necessary  before  the  power  due  to  the  full 
head  could  be  obtained.  The  loss  of  power  by  gearing  and  by 
belting  was  variable  with  the  proportions  and  arrangement  of  the 
gears  and  pulleys,  length  of  belt,  etc.,  but  averaged  not  far  from  30 
per  cent,  for  a  single  pair  of  bevel  gears,  uncut  and  dry,  but 
smooth  for  such  gearing,  and  but  10  per  cent,  for  the  same  gears, 


Fig.  131. 


well  lubricated,  after  they  had  been  a  short  time  in  operation. 
The  amount  of  power  transmitted  was,  however,  small,  and  these 
figures  are  probably  much  higher  than  those  representing  ordinary 
practice.  Introducing  a  second  pair — spur  gears — the  best  figures 
were  but  little  changed,  although  the  difference  between  the  case 
in  which  the  larger  gear  was  the  driver,  and  the  case  in  which  the 
small  wheel  was  the  driver,  was  perceivable  and  was  in  favor  of 
the  former  arrangement.  A  single  straight  belt  gave  a  loss  of  but 
2  or  3  per  cent.,  a  crossed  belt  6  to  8  per  cent.,  when  transmitting 
14  horse-power  with  maximum  tightness  and  transmitting  power. 
A  "quarter-turn  "  wasted  about  10  per  cent,  as  a  maximum,  and  a 
"quarter-twist"  about  5  per  cent.     Mr.  Emerson  states  that  the 
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tests  showed  that  a  turbine  could  be  tested,  under  such  conditions  as 
were  here  secured,  at  about  one  per  cent,  of  the  cost  of  testing  wheels 
ten  years  previously,  and  more  accurately  than  was  possible,  at  any 
cost,  at  the  earlier  date.  The  average  cost,  in  1869,  is  stated  to 
have  been  §2,500  per  wheel ;  the  cost  for  water  alone,  at  Lowell, 
in  testing  three  Swain  wheels,  is  given  at  8500.  The  lowest  charge 
for  water  was  825  per  wheel  at  the  flume  there  in  use.  The  usual 
charge,  to-day,  for  a  single  test,  is  10  per  c  nt.  of  the  list-price  of 
the  turbine,  with  the  minimum  figure  set  at  $30. 

These  earlier  testing  flumes,  although  capable  of  doing  good 
work,  were  not  very  elaborate,  or  very  expensive,  constructions. 
The  two  figures  here  given  (Fig.  131  and  Fig.  132)  represent  the 
elevation  and  the  plan  of  the  flume  in  use  at  Lowell  in  1869.     The 


Fig.  132, 


channel-section  at  the  junction  with  the  fore-bay,  or  penstock,  was 
four  or  five  times  the  section  of  the  largest  wheel  to  be  tested  in 
the  flume  ;  the  penstock  had  such  a  depth  that  the  maximum  fall 
might  be  utilized,  and  the  tail-race  to  the  weir  was  given  a  suffi- 
ciently large  section  to  reduce  the  velocity  of  approach  to  so  small 
a  magnitude  that  it  may  be  neglected. 

The  wheel  to  be  tested  was  set  at  the  bottom  of  the  penstock, 
usually,  and  the  dynamometer  was  mounted  directly  upon  the  head 
of  the  turbine  shaft,  as  shown  in  the  engraving.  Small  tanks,  A,  B, 
C,  were  set  at  the  sides  of  the  structure,  communicating,  by  means 
of  ttmall  pipes,  with  the  water  in  the  flume  at  the  head  and  the  foot 
of  the  fall,  and  at  the  weir.  The  water  in  A  stood  at  the  level  of 
that  in  the  head-race;  that  in  B  at  the  level  of  the  tail-race  current 
leaving  the  wheel-case  :  that  in  C  at  the  height  of  the  water  at  the 
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weir.  The  connecting  pipes  were  so  small  that  all  oscillations  were 
intercepted,  and  the  surface  of  the  water  in  either  tank  was  perfectly 
still.  A  flexible  rubber  pipe  from  the  bottom  of  the  tank,  A,  led  to 
the  lower  end  of  a  vertical  glass  tube,  at  the  right,  which  served  as 
a  gauge  and  gave  the  height  of  the  water-level  in  the  penstock.  The 
scale  on  which  readings  were  taken  was  movable,  and  was  adjusted 
vertically,  together  with  a  "hook-gauge"  pendant  from  it,  which 
was  set  to  give  the  height  of  water  in  the  lower  tank  B.  The  scale 
was  thus  arranged  to  read  differences  of  level  in  the  two  tanks,  i.  <?., 
total  heights  of  available  fall.     The  reading  on  the  scale  was  the 


Fig.  133. 

measure  of  the  heights  of  the  marks  read,  above  the  lower  level, 
and  the  head  was  obtained  by  taking  this  reading  at  the  level  of 
the  water-surface  in  the  glass  gauge-tube.  The  zero-mark  of  the 
stationary  lower  scale,  at  the  tank  C,  was  at  the  level  of  the  edge 
of  the  weir,  and  the  hook-gauge  there  placed  gives  the  height  of 
the  water  in  the  flume  at  that  point  above  this  zero,  and  the  depth 
of  water  on  the  weir.  Both  tanks  were  made  adjustable,  in  height, 
in  order  that  the  surface  of  the  water  in  each  might  be  kept  near 
the  top  of  the  tank,  and  thus  be  easily  and  accurately  seen  and 
gauged.  It  is  advised  that,  in  the  construction  of  such  flumes,  the 
proportions  adopted  by   the  designer  of  that  here  described   be 
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adopted,  i.  e.,  that  the  fore-bay  be  made  at  least  twice  as  wide  as 
any  wheel  proposed  to  be  tested,  the  width  of  the  tail-race  at  least 
one  and  a  half  times  that  of  the  weir,  and  its  depth  four  times  that 
of  the  current  over  the  weir  at  maximum  flow.  The  weir  should 
be  20  feet,  or  more,  from  the  wheel,  and  precisely  at  right  angles 
with  the  thread  of  the  current. 

The  arrangement  of  the  flume  at  Holyoke,  in  1S72,  is  seen  in 
the  two  illustrations  which  follow,  Fig.  133  giving  a  view  of  the 


Fro.  134. 

observing  room  at  the  head  of  the  penstock,  and  Fig.  134  showing 
the  pit,  or  tail-race,  below  the  penstock,  and  the  weir  at  its  terminal 
end.  The  flume  was  constructed  in  an  unused  canal  lock  of  the 
Holyoke  Water-Power  Company.  The  first  view  exhibits  the 
arrangement  for  test  of  a  turbine  set  as  in  the  last  figure  above 
given  with  a  vertical  shaft ;  the  second  the  arrangement  for  testing 
a  wheel  with  horizontal  shaft. 

The  hook-gauge  used   in   determining  the  height  of  water  in 
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Fig.  135. 


the  tanks,  A  and  B,  is  shown  in  Fig.  135.  It  consists  of  a  sharp 
pointed  hook,  carried  upon  the  end  of  a  vertical  rod,  to  which  is 
secured  a  scale  and  vernier, 
the  former  movable  with  the 
hook,  the  latter,  when  at  the 
tank  C,  fixed  to  the  frame  of 
the  instrument,  which  is,  it- 
self, fixed  to  the  side  of  the 
flume.  The  scale  and  hook 
are  caused  to  traverse  the 
frame  by  means  of  a  carefully 
cut  screw,  having  a  milled 
head  by  means  of  which  it 
may  be  easily  and  accurately 
set.  When  in  use,  the  hook 
is  raised  from  a  lower  position 
until  its  point  just  pricks  the 
surface  of  the  water,  and  thus 
indicates,  with  singular  exact- 
ness, the  water-level  and  the 
height  of  the  surface  of  the 
current  above  the  weir.  At 
the  penstock,  the  vernier  may 
be  dispensed  with,  as  the 
total  head  is  determinable 
with  sufficient  accuracy  with- 
out it.  The  first  forms  of  the 
Boyden  hook-gauge  were  cum- 
bersome and  heavy ;  that  il- 
lustrated in  Fig.  135  is  much 
lighter  and  more  portable,  as 
well  as  more  convenient;  it 
weighs  but  14  pounds,  and 
is  but  30  inches  long.  A  still 
more  compact  and  handy  ap- 
paratus is  that   exhibited   in 


Fig.  136,  which  is   the   later  pip^g^ 
form  used,  and  weighs  but  4  ^I^Pg1" 


pounds.    The  last  style  is  used       Fig.  136. 
in  the  later  Holyoke  flume,  and  was  found  by  the  writer  to  be  a 
very  convenient  instrument.     This  gauge  is  "self-contained,"  and 
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is  secured  to  the  frame  of  the  water-way,  or  to  the  wall  of  the 
flume,  by  screws  which  fasten  the  bracket  firmly  in  place.  A 
milled  headed  spindle  carries  a  pinion  which  engages  a  finely  cut 
rack,  on  the  back  of  the  scale  rod,  and  thus  permits  as  accurate 
adjustment  as  is  desired,  while  the  vernier  mounted  on  the  bracket 
gives  exact  readings. 

The  form  of  Prony  Brake,  or  band  dynamometer,  designed  for 


Fig.  137. 

the  work  of  testing  at  the  Lowell  flume,  is  shown  in  the  accom- 
panying engraving,  Fig.  137. 

The  wheel  B  is  secured  to  the  shaft  of  the  water- wheel,  and  its 
speed  is  controlled  by  the  friction-band  A,  which  is  connected  to 
the  scale-beam  as  shown.  The  rim  of  the  wheel  and  the  friction- 
band  are  hollow,  and  kept  cool  by  streams  of  water  passing  through 
them  ;  the  water  in  the  rim  of  the  wheel  being  supplied  through 
its  hollow  arms  and  the  pipe,  shown  in  the  engraving.  The  wheel 
B  is  made  of  cast  iron  and  the  friction-band  of  "composition"  or 
"gun  bronze."  The  hands  of  the  "counter"  F,  are  so  arranged 
in  connection  with  a  worm  £rear,  that  tliev  can  be  made  to  rotate  in 
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the  same  direction  with  the  hands  of  a  clock,  whichever  way  the 
wheel  being  tested  may  revolve. 

The  hand-wheel  for  operating-  the  friction-band  through  the  screw 
M  has  a  "  universal  joint "  in  its  shaft.  The  connection  of  the 
band  with  the  scale-beam  is  made  by  knife-edged  links,  and  the 
pivot  of  the  beam  is  also  knife-edged.  The  weights  are  suspended 
at  one  end  of  the  beam  as  shown  at  C;  at  the  other  end  is  the 
"dash-pot,"  D;  it  is  better  to  have  a  "dash-pot"  at  the  same  end 
as  the  weights;  it  is  filled  with  water  to  hold  the  beam  steady. 
The  dash-pot  is  made  of  cast  iron.  The  plunger  on  the  end  of  the 
rod  is  a  thin  disk  of  iron  turned  to  lit  loosely,  so  as  to  allow  it  to 
move  perfectly  freely  ;  it  has  six  three-eighths  inch  holes  through  it, 
stopped  with  brass  thumb-screws;  one  or  more  of  these  maybe  re- 
moved at  any  time,  to  render  the  beam  more  sensitive;  the  screws 
are  left  lying  on  the  plunger,  that  tin;  weight  may  not  be 
changed. 

The  method  of  test  at  the  flume  last  described,  as  conducted  dur- 
ing the  visits  of  the  writer,  was  as  follows  :  The  dynamometer  was 
first  carefully  balanced  and  adjusted  before  starting  the  wheel. 
The  start  was  made  with  a  light  weight  upon  the  scale-pan,  and  the 
velocity  of  the  wheel  noted,  and  its  effect  roughly  determined. 
The  load  was  then  increased,  at  intervals  of  two  or  three  minutes, 
by  25  pounds  at  a  time,  until  the  speed  of  the  wheel  had  fallen  be- 
low that  of  maximum  efficiency  for  the  head  ;  the  weights  were 
then  reduced  again  and  the  velocity  of  the  wheel  a!lowred  to  in- 
crease until  the  maximum  was  again  passed.  The  same  process 
was  then  repeated  within  a  smaller  range  of  speed,  and  with 
smaller  variations  of  load,  until  the  speed  of  best  work  had 
been  more  exactly  ascertained,  and  the  performance  of  the  turbine 
at  maximum  efficiency,  under  full  head  and  at  full  gate,  had 
been  very  precisely  determined.  This  was  repeated  at  each  of 
the  part-gates,  usually  down  to  one-half  maximum  discharge.  All 
doubtful  measurements  were  repeated,  and  all  unsatisfactory  tests', 
as  well.  The  readings  of  the  dynamometer,  the  revolution-counter, 
and  of  the  two-hook  gauges,  were  taken  as  nearly  as  possible  simulta- 
neously. The  results  were  finally  carefully  calculated  and  verified, 
and  the  reports  made  up  on  blanks  which  had  been  printed  for  the 
purpose.  The  effect  of  variation  of  speed  upon  efficiency,  the  actual 
efficiencies,  and  the  same  points  as  affected  by  variation  of  head, 
were  the  subject  of  investigation,  as  well  as  the  variation  of 
efficiency  with  change  of  gate  or  of  flow.     There  is  rarely  found 


382        THE   SYSTEMATIC   TESTING   OF  TURBINE   WATER-WHEELS. 

to  be  any  very  close  proportional  correspondence  of  quantity  of 
water  discharged  with  position  of  gate. 

The  following  are  data  obtained,  in  the  manner  described,  from 
the  Burnham  wheel  at  Holyoke,  June  15,  1883,  from  a  36-inch 
wheel  : 

Test  of  a  36-esch  Bcrxham  Turbine. 


Gate. 

Water  discharged. 

Rev. 

H.  P. 

Efficiency. 

Full 

1   000 

139 

66.50 

81.82 

0.788 

0.943 

134 

61.08 

80.78 

0.500 

0.760 

136 

47.23 

75.26 

0.339 

0.588 

131 

32.90 

65.80 

0.237 

0.456 

118 

23.10 

58.60 

The  flume  constructed  in  the  canal  at  Holyoke,  by  Emerson,  was 
finally  ceded  over  to  the  Holyoke  Water-Power  Co.,  and  was  ope- 
rated by  that  Company,  testing  the  wheels  proposed  to  be  used  in 
the  mills  drawing  water  from  the  canals  controlled  by  that  corpo- 
ration, and  also  in  testing  wheels  brought  to  Holyoke  for  test  in 
the  interest  of  other  users,  makers,  or  intending  purchasers.  It  was 
very  soon  found  advisable  to  erect  a  flume  to  be  especially  designed 
for  the  work  of  testing  turbines.  The  importance  of  securing  accu- 
rate data,  not  only  to  the  Holyoke  "Water-Power  Company,  but  to 
users  of  such  wheels  generally,  as  well  as  to  their  makers,  had  be- 
come so  evident,  the  limits  of  error,  though  but  three  or  five  per 
cent,  at  the  old  flumes,*  were  becoming  so  important,  and  the  extent 
of  the  business  of  testing  turbines  had  become  so  great,  that  it  was 
decided  to  go  to  considerable  expense,  and  to  erect  a  flume  and 
buildings  which  should  fully  meet  all  present  demands,  and  prob- 
ably all  likely  to  arise  for  years  to  come.  This  work  was  under- 
taken by  the  Holyoke  Water-Power  Co. ;  the  designs  were  made, 
and  the  construction  supervised,  by  their  engineer,  Mr.  Clemens 
Herschel,  and  the  flume  was  completed  and  opened  for  use  in 
April,  1882. 

At  this  time,  the  Company  furnished  to  its  tenants  15,000  horse- 
power by  day  and  8,000  by  night.  There  were  in  use  139  turbine 
wheels — no  other  kinds  of  water-wheels  were  used — of  which  59 
ran  10  hours  per  day,  while  the  other  80  ran  144  hours  per  week, 

*  The  writer  has  before  him  the  reports  of  the  official  tests  in  old  flumes  of 
two  wheels,  similar  to  that  later  tested  under  his  own  eye,  as  described  herein, 
which  gives  efficiencies  ranging  up  to  ninety  and  ninety-four  per  cent.;  certainly 
Several  per  cent,  too  high. 
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i.  <?.,  from  midnight  on  Sunday,  to  midnight  Saturday.  These 
wheels  were  driving  the  machinery  of  about  70  factories  and  mills. 
At  all  of  these  establishments,  the  engineer  of  the  Company  sup- 
plying the  water  directs  a  system  of  observations  by  means  of  which 
he  keeps  himself  informed  of  the  amount  of  water  that  each  tenant 
is  using.  He  secures,  each  day,  a  record  of  the  opening  of  the  reg- 
ulating gate  of  each  wheel,  and  a  similar  reading  is  taken  every 
night,  when  the  wheels  are  in  operation  night  and  day,  and  also  a 
reading  of  the  head  acting  at  each  wheel.  These  records  are  pre- 
served, and  furnish  the  data  from  which  to  compute  the  quantity 
of  water  used  by  each  tenant  throughout  the  year.  Any  surplus 
power  above  that  granted  is  paid  for  at  the  end  of  each  "quarter." 
At  times  of  small  flow,  and  when  the  use  of  "surplus"  power  is 
limited,  the  tenants  are  thus  kept  under  surveillance,  and  are  held 
to  strict  accountability  for  water  used  in  excess  of  that  allowed  by 
their  contracts  with  the  Water-Power  Company.  By  the  prelimi- 
nary test  of  each  wheel,  it  is  made  a  meter,  as  already  stated,  and 
it  thus  gives  the  engineer  of  the  Company  a  very  accurate  means  of 
measurement  of  the  flow.  It  was  for  the  accomplishment  of  this 
very  essential  part  of  its  system,  that  the  Holyoke  Water-Power  Co. 
finally,  as  just  stated,  determined  to  erect  a  new  and  carefully  con- 
structed flume,  in  which  this  work  could  be  done  with  equal  facil- 
ity in  winter  and  in  summer,  day  or  night,  and  one  in  which  the 
measurements  could  be  made  with  the  utmost  precision,  and  with 
the  greatest  possible  convenience. 

The  new  testing  flume  was  constructed  between  two  of  the  canals 
of  the  company,  where  a  difference  of  level  and  a  working  head 
of  17  feet  could  always  be  obtained,  and,  in  some  cases,  19  feet. 
The  flume  is  covered  by  a  large  brick  building,  in  which  are  the 
repair-shops,  a  blacksmith  shop,  a  store-room  and  offices.  It  is 
fitted  up  with  all  the  apparatus  required  in  the  work  of  testing  any 
wheels  that  can  be  supplied  with  water  at  that  point,  including  dy- 
namometers of  various  sizes,  gauges,  measuring  scales,  thermome- 
ters, clocks  with  electric  bells  to  strike  the  minute  and  half-minute, 
and  minor  conveniences,  all  together  forming  the  most  complete 
outfit  yet  devised  or  anywhere  in  use. 

The  plan  of  the  flume  is  exhibited  in  the  accompanying  drawing. 
Figures  138  to  141. 

The  underground  portion  of  the  testing  flume  consists  of  the 
trunk  or  penstock.  A,  bringing  in  the  water  ;  a  sort  of  vestibule,  B; 
an  antechamber,  C  ;  the  wheel-pit,  D  ;  and  tail-race,  E.     The  trunk, 
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A,  is  of  boiler  iron,  about  9  feet  in  diameter,  laid  low  down  in  the 
ground,  so  as  to  pas?  longitudinally  under  the  center  of  a  street,  and 
thus  take  up  no  land  suitable  for  building  purposes.  The  object 
of  the  vestibule,  B,  is  to  afford  opportunity  for  the  application  of 
the  two  head-gates  G,  G.  Besides  these,  there  is  a  head-gate  at 
the  point  of  entry  of  the  trunk,  A,  into  the  canal  whence  it  takes 
the  water.  A'  small  trunk,  F,  about  3  feet  in  diameter,  takes 
water  from  this  vestibule,  independently  of  the  gates,  G,  and 
leads  it  to  a  turbine  wheel,  H,  set  in  an  iron  casing,  in  the  cham- 
ber or  pit,  C,  so  that  this  wheel  can  run,  even  when  C  is  empty. 
This  wheel  discharges  through  the  floor  at  the  bottom  of  C, 
thence  through  the  arch.  I,  and  the  supplementary  tail-race,  lv, 
into  the  second  level  canal.  It  is  used  to  operate  the  repair- 
shops  ;  also  to  lift  and  lower  the  gates,  G.  The  chamber,  C,  is 
bounded  on  one  side  by  a  tier  of  stop-planks,  L,  and,  on  another 
side,  by  a  tier  of  stop-planks,  M.  The  object  of  the  stop-planks,  L, 
is  to  afford  a  waste-way  out  of  the  chamber,  C.  This  is  of  especial 
use  in  reiiulatincr  the  height  of  the  water  when  testing  under  low 
heads;  also  to  skim  off  the  oil  floating  on  the  water,  which  oil  has 
dropped  down  from  the  dynamometer.  The  water  thus  passed 
over  the  planks,  L,  falls  directly  into  the  tail-race,  K,  and  passes' 
into  the  second  level.  The  stop-planks,  M,  come  into  use  when 
testing  scroll  or  cased  wheels.  In  that  event,  J)  is  empty  of  water, 
and  the  wheel-case  in  question  is  attached  to  the  planks,  M,  over  a 
proper  opening  cut  for  the  purpose.  Large  cased  wheels  are  set  in 
the  center  of  D,  and  the  water  is  led  to  them  by  a  short  trunk  or 
penstock,  leading  from  an  opening  cut  in  the  planks,  M.  Flume 
wheels  are  set  in  the  center  of  the  floor  of  D,  and  D  is  filled  with 
water.  They  discharge  through  the  floor  of  D  (not  shown  on  the 
drawing)  and  out  of  the  three  culverts,  X,  X,  X,  into  the  tail-race, 
E.  At  the  down-stream  end  of  this  tail-race  is  the  measuring  weir, 
O,  the  crest  being  formed  of  a  strip  of  planed  iron  plate.  It  can 
be  used  with  or  without  end  contractions.  The  depth  of  water  on 
the  weir  is  measured  in  a  quarter  cylinder,  P,  set  in  a  recess,  Q, 
fashioned  in  the  sides  of  the  tail-race.  These  recesses  are  water- 
tight, and  the  observer  is  thus  enabled  to  stand  with  the  water-level 
about  breast-high,  or  at  convenient  height  for  accurate  observation. 
A  platform,  K,  surrounds  the  tail-race,  and  is  suspended  from  the 
iron  beams  that  carry  the  roof.  Above  the  tail-race  is  the  street. 
The  wheels  to  be  tested  arrive  on  this  street,  are  lifted  from  the 
wagon  by  a  traveling  windlass  that  runs  out  on  a  frame-work  over 


I!    II   Tuvuma. 
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the  street,  are  run  into  the  building,  and  are  lowered  into  the  wheel- 
pit,  D.     Winding  stairs  lead  into  a  passage-way  that  leads  in  turn 


Fig.  142. 

to  the  platform,  R.  In  the  well-hole  of  these  stairs  is  set  up  the 
glass  tube  which  measures  the  head  of  water  upon  the  wheel.  It 
is  connected  with  the  pit,  D,  or  the  chamber,  C,  by  means  of  pipes 
running  through  a  cast-iron  pipe,  T,  built  into  the  masonry  dam 
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which  forms  the  down-stream  end  of  the  wheel-pit,  D.  To  enable 
the  observer  at  the  brake-wheel,  the  one  at  the  head  gauge,  and  the 
one  at  the  measuring  weir  to  take  simultaneous  observations  at 
intervals  of  one  minute,  an  electric  clock  rings  three  bells,  simulta- 
neously at  intervals  of  one  minute,  or  of  half  a  minute  if  desired. 

The  whole  structure  is  built  in  a  durable  and  efficient  manner. 
The  pits  and  tail-race  are  all  lined  with  brick  laid  in  cement.  The 
stone  masonry  was  intended  by  careful  work  and  grouting  to  be 
water-tight  without  the  brick  lining,  and  the  brick  lining  was  then 
carefully  laid  up  with  joints  full  of  mortar  as  an  extra  precaution. 
As  a  consequence,  the  front  of  the  wall  forming  the  down-stream 
side  of  the  pit,  D,  is  barely  damp  with  20  feet  head  of  water  upon 
it.  The  floor  of  the  pit,  D,  is  so  tight  that  an  exact  measurement 
of  the  leakage  of  the  wheel-gate  can  be  made  if  desired.  An  ap- 
proximate estimate  is  readily  made  by  filling  the  pit  before  the 
tail-race  is  allowed  to  fill  up,  and  apportioning  the  total  measured 
leakage  between  the  leakage  of  the  wheel-gate  and  that  of  the 
flume. 

TJ,  V,  W  show  three  waste-pipes,  from  the  vestibule  antecham- 
ber and  tail-race  respectively.  Another,  not  shown,  serves  to  draw 
the  water  out  of,  and  through,  the  floor  of  the  pit,  D.  To  close  or 
open  these  waste-pipes,  they  are  fitted  with  cases  of  small  water- 
wheels,  which  form  convenient  valves  for  the  purpose.  The  waste- 
pipe,  V",  serves  also  to  help  regulate  the  height  of  water  in  the  ante- 
chamber, C,  and  pit,  D,  during  tests  under  low  heads. 

The  pipe,  W,  leads  into  a  sewer  on  the  other  side  of  the  second 
level  canal,  and  thence  into  the  river,  and  permits  the  tail-race  to  be 
emptied  of  water  down  to  within  ten  inches  of  the  bottom  planking. 

A  view  of  the  main  working  floor  is  given  in  Figure  142,  show- 
ing the  dynamometers  in  place. 

"When  the  flume  was  completed,  and  had  been  satisfactorily  in- 
spected and  tested,  the  proprietors  issued  the  following  notice,  and 
commenced  the  testing  of  turbines  for  the  benefit  of  the  public  : 

Holyoke,  Mass.,  July  18,  1883. 
Manufacturers,  Water-wheel  Builders,  and  Lessors  of  Water-Power: 

Gentlemen  :  We  have  completed  our  new  Testing  Flume,  and  furnished  it 
with  apparatus  to  test  wheels  of  any  of  the  usual  diameters  (the  pit  is  20  feet 
squure)  aud  power  up  to  230  H.  P. 

The  measuring  weir  has  a  capacity  of  200  cubic  feet  per  second. 

Wheels  can  be  tested  under  any  head  from  4  to  17,  and  in  some  cases,  nearly 
19  feet.     Parties  sending  wheels  should  comply  with  the  following  directions: 

The  wheel  should  be  sent  ready  to  set. 
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For  wheels  of  25  H.  P.,  or  less,  have  distance  from  platform  on  which  wheel 
rests,  to  top  of  shaft,  4  feet  3  inches  ;  have  4  inches  of  top  of  shaft  2  inches  in 
diameter  ;  with  key  seat  •}•  inch  wide  and  -p$  deep. 

For  wheels  25  to  75  H.  P.,  platform  to  top  of  shaft,  5  feet  6  inches  ;  5  inches 
of  top  of  shaft  3  inches  in  diameter  ;  key  seat,  -f$  x  -^  inches. 

For  wheels  75  H.  P.,  or  over,  platform  to  top  of  shaft,  7  feet  ;  6  inches  of  top 
of  shaft  4  inches  in  diameter  ;  key  seat,  1  inch  x  f . 

The  price  of  tef-t  and  of  a  full  and  carefully  computed  report  is  10  per  cent, 
of  list  price  of  wheel,  but  no  wheel  for  less  than  $30.  The  sender  to  pay  freight 
and  cartage.  Scroll  wheels,  or  wheels  set  in  iron  cases,  may  cost  from  $10  to 
$15,  possibly  more,  in  addition. 

Holyoke  Watek- Power  Co., 

Holyoke,  Mass. 

The  new  flume  was  opened  in  July,  1883,  as  above,  and  shortly  after 
the  writer  was  employed  to  visit  it  for  the  purpose  of  witnessing 
tests  of  wheels,  observing  the  methods  of  test,  examining  the 
structure  and  the  working  of  the  flume  and  apparatus,  and  following 
the  engineers  in  their  calculations  of  efficiency,  as  obtained  from 
the  data  secured  by  test,  with  orders  to  report  upon  the  suitability 
of  the  flume  for  its  work  and  the  reliability  of  the  results  so  ob- 
tained. He  thus  had  an  excellent  opportunity  to  study  the  system 
and  the  methods  adopted  by  the  engineer.  In  his  inspection  he 
was  given  every  facility,  and  was  aided  by  the  chief  engineer  of  the 
company  in  every  possible  way. 

The  method  of  test  practiced  at  this  flume  is  in  some  respects 
similar  to  that  already  described,  as  adopted  at  the  old  flume,  the 
use  of  which  has  been  now  given  up.  A  number  of  dynamometers 
were  kept  on  hand  for  use  with  wheels  of  different  sizes  and  power. 
The  water  measurements  were  made  by  the  use  of  the  hook-gauge, 
and  the  calculation  of  flow  by  Francis's  formula,  as  is  customary 
throughout  the  United  States,  wherever  weir  measurements  are 
made.  The  wheel  is  usually  set  at  the  bottom  of  the  penstock,  as 
in  Figure  131,  with  the  dynamometer  mounted  upon  the  head  of 
its  shaft.  Attendants  are  stationed  at  the  dynamometer,  who  are 
expected  to  adjust  the  weights  and  the  clamps  on  the  band  of  the 
instrument,  under  the  direction  of  the  engineer  in  charge  of  the 
work,  and  to  take  observations  of  the  speed  at  one  minute  intervals, 
usually  at  the  stroke  of  an  electric  bell  rung  by  the  clock.  Other 
observers  are  stationed  at  the  weir,  to  observe  the  depth  of  water 
on  its  crest,  taking  their  readings  from  the  well  in  which  the  hook- 
gauge  is  set,  and  at  the  upper  and  lower  water-levels,  where  other 
gauges  give  the  height  of  the  surface  of  the  water  at  those  points. 
The  stroke  of  the  "bell  occurs  at  the  same  instant  at  every  post  of 
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observation,  and  all  the  readings  are  taken  simultaneously,  or,  pur- 
posely, one-half  minute  after  noting  the  speed  of  the  wheel. 

When  the  test  is  about  to  begin,  the  engineer  having  charge  of 
the  work  assigns  his  assistants  to  their  posts,  and  sees  that  the  dyna- 
mometer is  clamped  fast,  and  a  load  applied  at  the  scale-pan  greater 
than  the  maximum  possible  effort  of  the  turbine.  The  water  is 
then  let  on,  and  the  weights  are  carefully  readjusted  until  they  pre- 
cisely balance  the  effort  of  the  wheel,  which  is  now  at  rest,  with  a 
maximum  flow  of  water  at  full  head  passing  through  it.  A  record 
is  made  of  the  weight  on  the  dynamometer  ;  and  each  assistant  at 
the  weir  gets  a  reading  from  his  gauge,  and  a  record  of  the  depth 
of  water  on  the  crest  of  the  weir.  Should  there  be  any  leak  in  the 
flume,  the  amount  of  the  flow  due  to  leakage  is  deducted  from  the 
quantity  of  water  given,  by  calculation,  as  total  flow.  The  weights 
are  now  reduced,  and  the  brake-screw  slacked  off  until  the  wheel 
is  running  at  maximum  speed.  A  second  set  of  readings  is  recorded 
by  all  observers,  and  a  new  adjustment  is  made,  giving  a  new 
weight,  and  a  new  and  lower  speed  with  a  new  measure  of  the 
volume  of  water  passing  the  weir.  This  process  is  continued  until 
it  is  seen  that  the  wheel  has  passed  a  certain  speed  of  rotation  at 
which  efficiency  is  a  maximum.  This  speed  is  quite  closely  found 
by  a  few  trials,  and  the  turbine  is  then  tested,  at  speeds  closely 
approaching  this,  and  at  various  degrees  of  gate-opening,  as  de- 
scribed in  the  account  already  given  of  operations  at  the  old  flume. 
Every  test  of  a  wheel  is  preceded  by  a  careful  measurement  (in  the 
presence  of  the  proprietor,  or  his  representative,  if  he  so  desires)  of 
the  weir  and  all  parts  of  the  brake.  The  weights  used  in  the  ad- 
justment of  the  dynamometer  are  always  examined  and  certified  by 
the  official  "  sealer  of  weights  and  measures,"  and  every  weight  and 
measure,  and  every  part  of  the  apparatus,  is  examined  and  stand- 
ardized with  equal  care.  The  records  taken  at  the  flume  are  trans- 
ferred from  the  observers'  rough  note-books  to  the  engineer's 
records,  at  the  office  of  the  chief  engineer,  and  the  data  obtained  at 
the  trial  of  each  turbine  are  there  worked  up,  and  the  results  placed 
on  permanent  record.  They  are  not  published,  unless  by  the  pro- 
prietor of  the  wheel  tested,  who  sometimes  publishes  the  engineer's 
certificate,  which  he  receives,  as  an  official  copy  of  the  determina- 
tions recorded  at  the  office,  over  the  signature  of  the  chief  engineer. 

In  the  working  up  of  the  data,  the  most  scrupulous  care  is  taken 
to  secure  exact,  and  practically  useful,  results.  The  figures  recorded 
by  the  observers  at  the  trial  are  transferred  to  blanks,  in  a  form 
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found  by  experience  to  be  most  convenient  and  useful.  The  com- 
puter checks  such  as  are  capable  of  being  verified,  and  then  calculates 
the  efficiency  of  the  wheel  for  each  set  of  conditions  represented  on 
the  record.  In  making  this  computation,  he  first  easily  calculates 
from  the  recorded  figures  representing  the  weights  on  the  dyna- 
mometer, and  the  speed  of  rotation  given  for  the  same  time, 
together  with  the  known  dimensions  of  the  brake,  the  power 
developed  by  the  wheel,  and  compares  this  with  the  total  available 
power  of  the  fall,  as  calculated  from  the  recorded  head  acting  on 
the  wheel,  and  the  volume  of  water  at  the  same  time  passing  the 
weir.  As  these  calculations  are  made,  they  are  represented  graphi- 
cally on  section-paper,  and  the  curve  of  efficiencies  thus  obtained 
exhibits  precisely  at  what  speed  maximum  efficiency  is  to  be  found 
under  the  given  head.  The  curves  so  constructed  are  a  verv  useful 
check  upon  the  accuracy  of  observation,  and  are  a  very  interesting 
and  important  feature  of  the  system  of  working  up  the  data  which 
has  been  adopted  by  Mr.  Herschel.  In  addition  to  the  data  obtained 
at  the  weir,  during  the  test  of  the  wheel,  careful  .measurements  of 
the  dimensions  of  the  wheel  itself  are  taken,  and  are  put  on  record 
with  the  date  of  the  trial. 

In  illustration  of  the  system  adopted  by  the  Holyoke  Water-Power 
Company,  in  the  determination  of  the  efficiencies  and  capacities  of 
wheels  tested  for  its  tenants,  or  for  makers  and  owners  of  wheels 
who  may  bring  them  to  Holyoke  for  trial,  the  table  and  curves 
which  follow  are  presented.  For  example,  the  figures  in  Table  I. 
are  derived  from  a  test  of  a  Boyden  turbine — a  Fourneyron  wheel 
with  Boyden's  modifications — which  was  in  operation  in  the  No.  2 
Mill  of  the  Merrick  Thread  Company,  and  which  was  tested  in  its 
own  penstock,  April  26,  1882.  This  wheel  was  of  large  size,  90 
inches  in  diameter,  fitted  with  brass  buckets,  and  constructed  with 
all  the  care  and  skill  for  which  its  designers  and  builders  were 
noted.  It  may  be  taken  to  represent  the  best  work  which  has  been 
done,  in  late  years,  upon  the  "  outward  flow"  turbine. 

The  measurements  obtained  at  the  weir,  previous  to  the  test,  are 
given  at  the  bottom  of  the  table.  The  weir  was  11  feet  long  and 
was  practically  tight,  the  leakage  being  but  0.05  cubic  feet  per 
second.  The  "  unit  quantity,"  i.  e.,  that  discharged  when  the  wheel 
was  giving  the  best  effect  at  full-gate,  was  148.85  cubic  feet  per 
second  ;  the  temperature  of  the  water  was  42°  Fahr.  The  dimen- 
sions of  the  wheel  and  of  the  dynamometer  are  recorded,  and  the 
references  to  the  original  notes  in  the  engineer's  records  are  entered 
on  the  same  sheet. 
26 
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Examining  the  table,  it  is  seen  that  the  tests  having  been  made 
at  a  number  of  different  speeds,  and  at  a  wide  range  of  gate-open- 
ings, including  all  needed  in  practical  operation  of  the  turbine,  the 
wheel  is  made  a  good  meter,  and  can  be  made  to  give  a  very  ac- 
curate measure  of  the  amount  of  water  used  by  it,  when  in  place 
in  the  mill. 

The  efficiency  of  this  wheel  was  found  to  become  a  maximum, 
at  full-gate,  when  making  63.5  revolutions  per  minute,  developing 
222  horse-power,  and  discharging  148.9  cubic  feet  of  water  per 
minute.  The  velocity  of  its  periphery  was  0.624  that  due  the 
head.  This  wheel  was  90  inches  in  diameter ;  and  it  will  be  in- 
teresting to  compare  its  power  with  that  of  the  less  costly  inward 
and  downward  flow  wheels  which  have  so  largely  superseded  the 
Fourneyron  class  in  the  markets  of  the  United  States.  As  the 
gate  is  closed,  and  the  flow  becomes  less,  it  is  seen  that  the  effi- 
ciency falls  off  in  a  much  higher  ratio.  Thus,  at  0.883  gate,  or 
about  two  per  cent,  less  flow,  the  efficiency  is  a  maximum  at  62.5 
revolutions,  developing  211  horse-power,  and  discharging  0.973 
the  flow  at  maximum  efficiency,  the  velocity  of  outer  circumfer- 
ence of  wheel  being  0.614  that  due  the  head.  At  0.773  gate,  the 
efficiency  falls  to  73  per  cent.,  at  0.662  gate,  to  69  per  cent.,  and 
at  0.442  gate,  although  discharging  72  per  cent,  of  the  quantity 
passing  the  wheel  at  full-gate,  the  efficiency  falls  to  55.5  per  cent. 
At  the  best  speed  at  this  gate,  the  periphery  of  the  wheel  has  a 
velocity  0.525  that  due  the  total  head. 

The  points  that  seem  here  particularly  noticeable  are  the  rapid 
loss  of  efficiency  as  the  gate  is  closed  and  power  reduced,  the  com- 
paratively slow  decrease  of  volume  of  water  used,  the  small  amount 
of  power  obtained  from  so  large  a  wheel,  and  the  gradual  reduction 
of  velocity  of  best  efficiency  as  the  flow  decreases. 

Tables  II.  and  III.  present  the  results  of  tests  made  upon  a 
"  Collins  Turbine,"  constructed  by  Messrs.  J.  P.  Collins  &  Co., 
at  Norwich,  Connecticut,  in  1883,  and  those  made  to  deter- 
mine the  efficiency  of  the  wheel  with  and  without  a  "  draft-tube/' 
or  "  suction-pipe,"  at  the  testing  flume.  Table  II.  gives  the  data 
obtained  by  test  of  the  wheel  without  draft-tube,  and  Table  III. 
gives  the  same  figures  as  obtained  when  the  draft-tube  was  in 
place,  first  with  an  interior  inverted  cone  inserted  to  give  a 
smoothly  widening  passage  from  the  lower  side  of  the  discharge  of 
the  wheel  to  the  full  size  of  the  pipe,  and,  secondly,  without  this 
cone.     This  work  was  purely  experimental,  and  does  not  represent 
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usual  work  ;  it  showed  the  cone  not  to  he  here  of  advantage,  al- 
though it  should  act  as  a  diffuser.  The  measurement  of  wheel  and 
weir,  etc.,  are  given  in  the  tables,  and  all  figures  needed  for  cal- 
culations of  efficiency  as  before.  The  best  figures  are  the  follow- 
ing, the  head  varying  from  16.6  to  17.5  feet  as  the  demand  de- 
creases : 

Test  without  Dbaft-Tube. 


Gate. 

Discharge. 

Rev. 

H.  P. 

Efficiency . 

Full 

1.00 

89 

97 

80  4 

0.748 

0.90 

96 

88 

78.9 

0.600 

0.82 

94 

71 

68.8 

0.503 

0.69 

80 

58 

65.9 

0.303 

0.52 

79 

36 

53.77 

Test  with  Draft-Tube  and  Cone  (Fig.  143) 


Gate. 


1.00 

0.548 

0.297 


1.00 

0.548 

0.297 


Rev. 


90 
87 
76 


96 
90 

70 


H.  P. 

Effic. 

103 
73 
40. 

83.78 
71.79 
54.98 

iout  Cone. 

103 
70 
37 

84.34 
71.10 
53.64 

The  draft-tube  is  evidently,  in  this  case,  of  service,  giving  three 
or  four  per  cent,  increased  efficiency ;  while  the  reduction  of  loss 
by  contraction,  when  the  inverted  cone  is  introduced,  is  unimportant. 
The  method  of  setting  the  cone  is  shown  in  Figure  143,  and  its 
dimensions  are  there  given.  Fig.  Ill  shows  the  curve  of  the  wheel 
buckets. 

These  figures  are  not  strictly  comparable  with  those  given  by 
this  and  other  wheels  as  ordinarily  set. 

The  following  record  of  the  test  of  a  large  Jonval  turbine,  in 
place  in  the  mill,  will  be  interesting  in  this  place  as  exhibiting  the 
efficiency  which  may  be  attained  in  this  form  of  wheel,  even  when 
of  exceptionally  large  size,  and  also  as  showing  what  success  may 
be  secured  in  the  regulation  of  this  type  of  wheel.     It  will  be  ob 
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served  that  the  efficiency  is  remarkably  well  sustained  at  gates  even 
as  low  as  60  per  cent,  of  full  flow.  The  test  of  this  wheel  also  was 
made  by  the  engineer  of  the  Holyoke  Water-Power  Co.,  who  cer- 
tifies the  copy  from  which  the  figures  here  given  are  abstracted. 
The  wheel  was,  when  tested,  set  in  the  working  flume  of  the  Mer- 
rick Thread  Co.,  ready  for  its  work  of  driving  the  mill,  and,  when 
the  test  began,  had  not  been  in  use  an  hour.  It  may  be  expected, 
therefore,  that  it  will  improve  perceptibly,  after  working  long 
enough  to  get  its  bearings  smooth,  and  its  connections  in  good 
shape.  The  performance  is  remarkably  uniform.  Altering  the 
speed  of  the  wheel  at  full-gate,  from  47^  to  76f  revolutions  per 
Fig.  143.  Fig.  144. 

—5:44- 


D RAFT  TUBE  AND  CONE. 


BUCKET,  GUIDE  AND  GATE. 


minute,  the  efficiency  varied  but  3^  per  cent.,  while  the  quantity 
of  water  discharged  varied  less  than  1  per  cent. 

The  regulation  of  this  wheel  is  secured  by  adjustment  of  the 
guides.  This  was  one  of  the  regular  patterns  of  its  makers.  As  they 
state,  it  was  not  specially  prepared  for  the  test.  Two  96-inch 
wheels  of  this  class  have  been  adopted  by  the  same  mill  proprietors, 
recently.  These  figures  will  be  the  more  interesting,  as  a  really  effi- 
cient system  of  guides,  giving  good  part-gate  efficiency,  has  usually 
been  considered  as  something  to  be  hoped  for,  but  hardly  to  be  ex- 
pected, with  this  class  of  wheels. 

Test  of  a  Collins-Jonval  Turbine. 


Gate. 

Disc'ge. 

Head. 

Rev. 

Water. 

H.  P. 

Eff. 

1.00 

0.999 

16.59 

63.38 

113.46 

131.49 

85.06 

0.778 

0.892 

16.75 

63.00 

101.67 

160.83 

83.27 

0.631 

0.764 

16.95 

58.93 

87.66 

133.56 

79.26 

0.547 

0.670 

17.12 

54.32 

77.19 

111.36 

74.64 

0.422 

0.565 

17.26 

49.65 

65.36 

84.40 

05.96 
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The  above  is  the  best  performance  of  a  Jonval  wheel,  on  the 
whole,  of  which  the  writer  has  been  able  to  obtain  authentic  re- 
cords. The  test  is  "  Xo.  33,"  on  the  books  of  the  Holyoke  Water- 
Power  Co.,  and  was  made  November  16th,  1881.  The  wheel  was  a 
"right-hand"  pattern. 

Tables  IV.,  V.,  YI.,  are  taken  from  the  record  books  of  the 
Holyoke  "Water-Power  Co.,  for  the  purpose,  principally,  in  this 
connection,  of  showing  the  accuracy  of  the  work  done  at  the  new 
flume.  The  wheel  of  which  the  performance  is  given  in  these 
tables  was  36  inches  in  outside  diameter,  and  of  the  Inward  and 
Downward  Flow  class.  When  first  tested,  its  performance  was  so 
much  better  than  the  makers  had  anticipated,  that  it  was  concluded 
to  repeat  the  test.  The  second  trial  giving  an  equally  good  result, 
it  was  feared  bv  the  constructors  that  there  might  be  some  fault  of 


Fig.  145. 


a  =Top  tcidth. 
b=Bottom  width. 
c=Height. 
GUIDES. 


Fig.  146. 


construction  in  the  flume  or  of  method  in  calculation  ;  and  the 
writer  was  requested  to  investigate  these  points,  and  determine,  if 
possible,  whether  it  would  be  safe  to  accept  the  values  of  efficiency 
reported.  The  third  trial  was  made  in  the  presence  of  the  writer, 
and  the  data  taken  under  his  eye.  The  calculations  were  made  in 
the  customary  way,  and  the  results  were  then  compared  with  those 
given  by  the  earlier  trials,  as  the  best  way  of  ascertaining  the  limits 
of  probable  error  in  the  whole  operation.  The  tests  of  the  wheel 
were  made  in  the  usual  manner,  and  the  data  sent  into  the  office 
and  worked  up  precisely  as  is  customary  in  all  cases,  with  the  re- 
sults given  in  the  tables.  Figures  145  and  146  give  the  section  of 
buckets  and  guides  measured  as  per  Table  VII.  The  whole  series 
of  figures,  with  the  data,  were  furnished  to  the  writer,  from  the 
books  of  the  Company,  in  the  customary  form,  with  such  additional 
details  as  were  desired. 
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Comparing  the  figures  given  in  the  tables,  as  representing  the 
performance  of  the  wheel  on  the  three  days  of  the  tests,  we  obtain 
the  following  : 


performance  of  the  hercules  turbine. 

36"   Hercules. 

1st  Test. 


Gate. 

Prop.  Disch. 

Head. 

Revs.                   H.  P. 

Efficiency. 

l.roo 

0.800 
.645 
.490 

1.000 

0.875 

.752 

.608 

17.18 
17.35 
17.56 
17.80 

138                     148 
132                 134 
130                 115.7 
130                   89 

85.14 
86.94 
85.85 
79.89 

2d  Test. 


1.000 

0.908 

17. '24 

142 

147 

84.75 

0.796 

.874 

17.47 

139 

134 

86.18 

.654 

.755 

17.68 

138 

116 

85.36 

.489 

.600 

17.90 

135 

86 

78.16 

3d  Test. 


1.000 

1.000 

16.46 

141 

146 

85.80 

0.806 

0.884 

16.92 

137 

130 

87.08 

.647 

.749 

17.15 

135 

112 

86.33 

.489 

.606 

17.28 

130 

85 

80.05 

Proportional  Discharge. 


Line. 


Size. 


Name  of  Wheel. 


36 


Hercules 


Date  of  Test. 


Aug.  13,  1883. 


I 

Wheel,  2d  Test. 

Oct.  10,  1883. 

"       3d     " 

Oct.  13,  1883. 

By  discharge  is  here  meant  the  proportion  of  flow  to  the  flow 
at  full-gate  when  giving  best  efficiency.  The  curve  given  with  the 
table,  Fig.  149,  exhibits  the  method  of  variation  of  efficiency  with 
discharge. 

Studying  the  table  above  given,  and  comparing  tests  made  under 
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substantially  similar  conditions,  it  will  be  seen  that  the  results  ob- 
tained are  substantially  identical.  Thus,  at  full-gate,  with  equal 
speeds,  as  in  the  second  and  third  trials,  the  efficiencies  are  within  one 
per  cent.,  and  the  speeds  within  one  revolution,  in  147,  of  being 
alike.  The  velocity  of  the  wheel  was  the  same  to  within  0.001  and  the 
measured  now  of  water  differed  but  one-half  cubic  foot  per  second. 
The  best  speeds  corresponded  to  within  one  revolution  per  minute. 
The  same  comparison  being  made  between  the  first  and  second 
trials,  the  same  results  are  noted.  At  five-eighths  gate,  the  condi- 
tions at  the  three  trials  were,  as  it  happens,  almost  exactly  the  same. 
The  result  is,  that  the  calculated  efficiency  is  the  same  for  all, 
within  one-half  per  cent.  The  irregularities  to  be  found  in  the 
record  of  heads,  speeds,  and  flow,  in  any  two  cases,  are  invariably 
found  to  give  rise  to  equally  slight,  and  always  consistent,  irregu- 
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Fig.  149. 


larities  of  calculated  results.  A  careful  examination  of  these  sev- 
eral sets  of  figures  has  led  the  writer  to  the  conclusion  that  the 
Holyoke  Testing  'Flume,  and  the  methods  of  observation  and  cal- 
culation employed  there,  are  capable  of  giving  the  efficiencies  of 
turbines  tested  correctly  within  a  limit  of  error  of  certainly  less 
than  one  per  cent.,  and  probably  to  within  one-half  of  one  percent. 
For  all  practical  purposes,  the  results  of  the  trials  of  turbine  water- 
wheels,  at  the  Holyoke  flume,  may  be  taken  as  exact,  and  absolutely 
trustworthy. 

Variations  do  occur,  however,  in  the  actual  performance  of 
wheels  of  nominally  identical  size  and  form,  and  even  when  made 
from  the  same  patterns ;  but  it  is  now  well  known  that  it  is  ex- 
tremely difficult  to  make  two  wheels  of  exactly  the  same  form,  or 
to  give  the  same  performance.  Makers  can  rarely  construct  a  right, 
and  a  left-hand,  wheel  that  shall  give  the  same  efficiency,  within 
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two  or  three  per  cent.  ;  and  equal  differences  often  arise  among 
wheels  made  from  the  same  patterns,  in  consequence  of  the  warping 
of  the  patterns  in  the  sand,  when  of  wood,  or  even  warping  of  the 
castings  themselves,  if  not  carefully  cooled  so  as  to  avoid  shrinkage 
strains.  Tests  of  any  one  wheel  are  evidently  of  no  great  value  in 
determining  the  probable  performance  of  any  other  wheel  of  even 
the  same  size,  except  within  a  moderate  degree  of  approximation  ; 
and  they  may  be  entirely  misleading,  if  taken  as  a  gauge  of  the 
probable  efficiency  of  wheels  of  other  patterns  or  sizes.  New  pat- 
terns will  always  be  likely  to  give  new  figures  when  the  wheel 
made  from  them  is  tested. 

The  builders  of  the  wheel,  the  performance  of  which  is  above 
given,  have  thirty-six  different  sizes  and  patterns  of  wheel,  all  of 
which  have  been  subjected  to  test  to  determine  the  efficiency,  best 
speeds,  etc.,  that  the  makers  may  safely  guarantee.  No  two  of 
the  wheels  thus  far  tested  have  given  precisely  the  same  figures, 
and,  in  some  cases,  the  differences  have  been  quite  considerable. 
Whenever  one  of  these  wheels  is  found  to  fall  below  the  efficiency 
that  the  makers  have  fixed  upon  as  a  minimum,  the  patterns  are 
altered  and  the  new  wheel  tested,  and  this  process  is  repeated,  if 
necessary,  until  that  size  is  brought  up  well  above  the  assumed 
limit.  The  wheel  is  then,  and  not  till  then,  put  upon  the  market. 
Thus,  the  following  tables  exhibit  the  behavior  of  a  pair  of  smaller 
wheels  of  the  same  make — a  right  and  a  left-hand  turbine  of  fifteen 
inches  diameter  each,  tested  at  the  Holyoke  flume.  The  results 
are  substantially  the  same,  the  left-hand  wheel  doing  a  little  the 
better  work,  but  it  is  not  usually  possible  to  secure  this  accordance 
in  any  two  newly  made  turbines. 
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Testing  Fi/ume  of  the  ) 

Holyoke  Watek-powek  Co.,  Holyoke,  Mass.  f 

Report  of  Tests  of  a  15-inch  Right-hand  Hercules  Turbine  Wheel,  Brass  Buck  tip, 
No.  135,  made  January  25,  1883. 
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per  sec. 

H.  P. 

in  pei- 
cent. 

1 

1.000 

1.111 

15.18 

1 

Still. 

16.54 

8 

1.000 

.017 

.40 

4 

261.50 

15.25 

20.71 

77.75 

7 

1.000 

.013 

.39 

3 

273.67 

15.18 

20.84 

78.65 

6 

1.000 

.015 

.46 

3 

292.67 

15.10 

21.39 

80.80 

4 

1.000 

.002 

.44 

4 

300.50 

15.05 

21.05 

79.88 

5 

1.000 

0.999 

.45 

4 

314.00 

15.00 

•J  1.04 

80.05 

3 

1.000 

.995 

.43 

4 

329.00 

14  93 

21.04 

80.54 

2 

1.000 

.992 

.44 

3 

337.67 

14.89 

20.57 

78.89 

19 

0.844 

.905 

.10 

3 

266.67 

13.44 

18.27 

79.40 

18 

0.844 

.898 

.19 

3 

281.67 

13.38 

18.44 

80.02 

17 

0.844 

.894 

.19 

4 

297.50 

13.31 

18.57 

81.10 

16 

0.844 

.891 

.18 

3 

302.33 

13.27 

IS. 42  ' 

80.61 

15 

0.844 

.887 

.19 

3 

315.67 

13.21 

18.27 

80.27 

14 

0.844 

.877 

.23 

3 

344.33 

13.08 

17.82 

78.91 

27 

0.695 

.784 

.11 

4 

270.00 

11.04 

15.21 

76.27 

26 

0.695 

.778 

.15 

4 

290.25 

11.57 

15.47 

77.82 

25 

0.695 

.768 

.16 

4 

305.50 

11.43 

15.59 

■79.31 

24 

.  0  695 

.763 

.11 

4 

310.75 

11.34 

15.14 

77.93 

2:} 

0.539 

.638 

14.86 

3 

248.00 

9.40 

10.95 

69.14 

22 

0.539 

.633 

.86 

4 

270.00 

9.32 

11.10 

70.68 

21 

0.539 

.625 

.85 

3 

28'.).  00 

9.20 

11.00 

71.01 

20 

0.539 

.622 

.90 

3 

299.00 

9.13 

10.93 

70.45 

13 

0.350 

.443 

15.65 

2 

2-29.00 

6.70 

6.63 

55 .  72 

12 

0.460 

.438 

.67 

3 

258.67 

6.63 

6.70 

56.84 

9 

0.350 

.437 

.64 

2 

268.00 

6.60 

6.53 

55. 7d 

11 

('.350 

.433 

.65 

3 

283.00 

6.54 

6.46 

55.60 

10 

0.350 

.433 

.67 

4 

293.25 

6.55 

6.25 

53.71 
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Testing  Flume  of  the  ) 

Holyoke  Water-power  Co.,  Holyoke,  Mass.  f 

Report  of  Tests  of  a  15-inch  Left-hand  Hercules  Turbine  Wheel,  Brass  Buckets, 
No.  149,  made  March  9,  1883. 
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in  pe 

r  cent. 

in  feet. 

in  min. 

per  minute. 

cubic  ft. 
per  sec. 

II.  p. 

in  per 
cent. 

1 

1.000 

1.131 

17.13 

3 

Still. 

17.85 

6 

1.000 

.010 

.11 

3 

305.00 

15.92 

25.10 

81.25 

7 

1.000 

.005 

.06 

3 

318.33 

15.82 

24.74 

80.83 

5 

1.000 

.006 

.29 

3 

321.67 

15.94 

25.49 

81.56 

4 

1.000 

.  003 

.29 

3 

333.33 

15.90 

25.40 

81.47 

3 

1.000 

.000 

.29 

3 

347.33 

15.85 

25.41 

81.75 

2 

1.000 

0.994 

.29 

3 

371.00 

15.76 

24.88 

80.50 

19 

0.803 

.872 

.24 

4 

306.50 

13.80 

22.42 

83.10 

18 

0  803 

.867 

.25 

3 

321.00 

13.73 

22.50 

83.78 

17 

0.803 

.864 

.82 

4 

334.00 

13.71 

22.40 

83.16 

16 

0.803 

.858 

.46 

3 

351.33 

13.67 

22.49 

83.08 

20 

0.083 

.853 

.27 

5 

356.40 

13.51 

21.73 

8-3.11 

24 

0.625 

.720 

.46 

4 

289.00 

11.57 

17.62 

76.90 

23 

0.625 

.724 

.40 

4 

308.25 

11.51 

17.85 

78.59 

22 

0.625 

.715 

.41 

3 

327.33 

11.37 

17.96 

79.99 

21 

0.625 

.709 

.43 

2 

343.00 

11.29 

17.77 

79.64 

29 

0.513 

.605 

.61 

3 

279.00 

10.00 

14.46 

72.38 

28 

0.513 

.621 

.59 

4 

300.00 

9.93 

14.63 

73.85 

27 

0.513 

.614 

.59 

4 

316.50 

9.82 

14.47 

73.87 

26 

0.513 

.610 

.57 

3 

332.(0 

9.74 

14.17 

72.99 

25 

0.513 

.603 

.56 

2 

347.50 

9.63 

13.77 

71.80 

15 

0.388 

.500 

.91 

3 

247.00 

8.07 

10.54 

64.30 

14 

0.388 

.496 

.89 

3 

269.00 

8.00 

10.66 

65.67 

13 

0.388 

.492 

.86 

3 

286.67 

7.93 

10.48 

65.28 

12 

0.388 

.486 

.84 

4 

307.75 

7.82 

10.32 

65.21 

11 

0.388 

.482 

.81 

3 

326.00 

7.75 

9.94 

6H.  48 

10 

0.388 

.475 

.79 

3 

342.67 

7.63 

9.40 

61.06 

9 

0.388 

.470 

.71 

5 

5555.80 

7.54 

8.68 

57.29 

8 

0.388 

.464 

.70 

4 

371.75 

7.44 

7.93 

53.11 
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A  51-inch  L.  H.  wheel  tested  in  this  flume  July, '1883,  was 
reported  thus  : 


Tests  op  a  51"  Hehcules  Turbine. 


Gate. 

Prop.  Disch. 

Head. 

Revs. 

H.  P. 

Efficiency. 

1.000 

0.999 

12.77 

81.67 

191.01 

82.69 

0.897 

.935 

12.68 

'82.00 

177.43 

83.47 

.808 

.873 

12.85 

81.50 

170.00 

83.40 

.732 

.809 

12.90 

81.30 

156.30 

82.80 

.651 

.728 

13.18 

82.00 

143.47 

81.20 

.501 

.586 

13.70 

82.28 

116.01 

76.80 

.369 

.454 

13.86 

82.00 

83.46 

70.76 

The  method  of  working  up  the  data  secured  at  these  tests  is  ex- 
hibited in  Fig.  147,  and  well  illustrates  the  nicety  of  work  de- 
manded on  the  part  of  the  engineer  and  his  assistants.     As  has 


Fig.  147. 


been  seen,  the  effort  is  made,  at  the  trials,  to  find  the  speeds  of 
best  work  for  the  several  heads,  and  the  efficiencies  at  these  best 
velocities  of  wheel.  As  the  velocities  given  on  the  records  of  the 
trial  are  taken  acccording  to  the  judgment  of  the  engineer  in 
charge  of  the  work,  and  at  intervals,  it  is  not  likely  that  the  best 
figures  obtained  will  be  those  of  the  very  best  conditions  attain- 
able ;  but  it  is  always  to  be  expected  that  the  very  best  speed  will 
fall  between  two  of  the  speeds  observed.  If  the  law  of  variation  of 
efficiency  and  of  velocity  of  wheel  can  be  determined,  however,  it 
becomes  easy  to  ascertain  where  the  true  maximum  may  be  found, 
and  to  obtain  the  exact  value  of  the  efficiency  of  the  wheel  at  that 
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speed  of  maximum  efficiency.  This  is  very  easily  accomplished  by 
laying  down  a  diagram  of  "  proportional  discharges "  and  efficien- 
cies, and  thus  obtaining  a  graphical  representation  of  the  required 
law  of  variation  of  efficiency,  as  exhibited  in  its  relation  to  varia- 
tion of  the  quantity  of  water  discharged,  and  hence  to  the  speeds 
and  gates.  This  is  done  as  shown  in  Fig.  147,  on  section  paper  of 
any  convenient  scale.  A  diagram  is  constructed  for  each  series  of 
tests,  on  which  the  ordinates  represent  the  ratio  of  the  velocity  due 
the  total  head  to  the  velocity  of  the  periphery  of  the  wheel ;  while 
the  abscissas  measure  the  ratio  of  the  actual  discharge,  at  the  given 
speed,  to  the  "unit  discharge,"  i.  e.,  to  the  quantity  of  water  pass- 
ing the  wheel  at  the  full-gate  discharge,  when  giving  the  best 
efficiency  of  the  wheel  at  that  gate.  This  diagram  is  constructed 
by  plotting  the  figures  given  for  several  points  in  the  curve,  as 
calculated  from  the  corresponding  tests  made  during  the  trial  of  the 
wheel,  and  then  striking  through  these  points  a  smooth  curve  which 
represents  the  law  required.  The  maximum  abscissa  of  this  curve 
— which  abscissa  may,  but  probably,  in  any  given  case,  will  not, 
fall  at  any  one  of  the  points  determined  by  experiment — wherever 
it  may  come,  is  the  point  which  measures  the  maximum  efficiency 
of  the  turbine  at  the  given  gate,  and  determines  the  best  speed 
and  discharge  of  the  wheel,  corresponding  to  that  gate  and 
efficiency.  This  operation  is  repeated  for  each  of  the  gates 
adopted  at  the  trial  of  the  wheel,  and  thus  the  maximum  efficiency 
attainable  at  each  gate  is  determined,  and  the  best  speed  of  wheel, 
under  the  given  head  and  at  the  given  gate-opening,  is  made 
known.  The  law  of  variation  of  best  speeds,  and  of  highest 
efficiency,  is  also  ascertained,  for  the  whole  range  of  working  of 
the  wheel.  Thus,  Fig.  147  gives  the  curves  found  for  the  turbine 
tested  for  the  writer,  as  already  described,  for  the  five  different 
gates  at  which  its  efficiency  was  observed. 

Fig.  148,  in  a  similar  manner,  represents  the  curves  obtained, 
both  for  the  maximum  and  for  mean  efficiency,  from  full  discharge 
to  0.75,  and  from  full  to  0.5  respectively,  from  the  15-inch  wheels 
of  which  the  "  logs  "  of  test  have  been  just  given.  By  "  gate,"  in 
these  last  cases,  is  meant  the  opening  of  the  gate,  as  actually 
shown  by  the  wheel  at  the  time,  and  by  "full  discharge"  is  here 
meant  the  discharge  at  full-gate  when  the  wheel  is  working  at 
full-gate  and  at  maximum  efficiency.  In  the  last  diagrams,  also, 
the  figures  above  the  curve  represent  the  proportion  existing  be- 
tween the  velocitj-  of  the  periphery  of  the  wheel,  on  the  receiving 
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side,  at  the  speed  which 
gives  maximum  aver- 
age efficiency  from  full 
to  half-gate,  or  to 
three-fourths  gate,  as 
the  case  may  be,  to 
the  velocity  due  the 
full  head  on  the  wheel. 
This  last  "  velocity- 
ratio  "  is  sometimes  the 
same  for  both  curves. 

The  proprietors  of 
the  flume  now  identify 
wheels  tested  by  a 
leaden  dial  securely 
fastened  to  the  wheel. 

The  formula  used  for 
computing  the  flow 
over  the  weir  is  that  of 
Mr.  James  B.  Francis.* 
@=3.33  (L-O.lnd)  <Zf, 
in  which  Q  is  the 
number  of  cubic  feet 
flowing  per  second,  L 
the  length  of  the  weir 
in  feet,  d  the  depth  of 
water  over  the  weir  in 
feet,  and  n  is  the  num- 
ber of  "  end-contrac- 
tions." To  secure  ac- 
curacy in  the  applica- 
tion of  the  formula,  the 
up-stream  edge  of  the 
crest  of  the  weir  is 
made  straight,  sharp, 
and  smooth — usually 
by  constructing  it  with 
an  iron  edge,  chamfered 
sharply,  an  d  fitting 
similar  apertures  at  the 
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*  Lowell  :  Hydraulic  Experiments. 
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sides;  the  depth  of  the  water  in  the  race  approaching  the  weir  is 
made  considerable,  to  prevent  the  velocity  of  approach  becoming 
so  great  as  to  affect  the  results.  Occasionally  the  weir  is  carried 
out  to  the  full  width  of  the  raceway  and  then  has  no  side 
contractions.  The  weir  at  Holyoke  is  often  used  without  end- 
contraction,  being  then  20  feet  long,  in  which  case  the  second  term 
in  the  parenthesis  is  zero ;  or  the  flume  may  be  used  with  end 
contractions,  2,  4,  6,  8,  10,  12  and  14  feet  apart. 

The  establishment  of  the  Testing  Flume  at  Holyoke  is  the  last 
great  step  taken  in  the  development  of  the  system  of  testing  tur- 
bines, which  has  now  been  described  at  such  great  length.  Its  suc- 
cess, and  the  excellence  of  its  work,  will  undoubtedly  lead  to  the 
construction  of  other  flumes  of  a  similar  kind,  public  and  private, 
in  other  parts  of  the  country,  and  the  plan  of  working  up  the 
efficiency  of  new  sizes  and  styles  of  wheels,  by  careful  test,  and  the 
method  of  sale  now  becoming  usual — basing  the  contract  upon  the 
guaranteed  performance  of  the  wheel,  and  determining  the 
efficiency  of  the  wheel  by  trial  at  the  flume — will  unquestionably 
become  the  customary  method  of  dealing  in  such  motors,  through- 
out the  United  States,  and  probably  throughout  the  world.  An 
advance  of  this  character  once  effected,  the  improvement  is  never 
lost,  but  the  new  ways  become  a  part  of  the  business  methods  of  the 
country.  The  result  of  the  introduction  of  this  system  of  test  has 
already  been  seen  in  the  improved  performance  of  turbines  as  sent 
into  the  market  by  the  best  makers ;  and,  although  the  opportun- 
ity for  further  improvement  of  the  best  wheels  is  evidently  not 
great,  the  custom  of  making  and  selling,  guided  by  tests,  will  lead 
to  the  regular  production  of  turbines  of  maximum,  and  uniform 
efficiency  and  power.  The  gain  in  the  latter  direction  is  already 
very  great,  as  will  be  seen  by  comparing  the  powers  and  sizes  of  the 
last  wheels  of  which  the  records  are  given,  with  that  of  the  Boj7- 
den-Fourneyron  wheel  presented  on  an  earlier  page.  The  differ- 
ence in  cost  in  favor  of  the  modern  wheel  is  fully  commensurate 
with  the  gain  in  economy  and  in  power. 

The  Holyoke  Flume  will  probably  long  be  considered  the 
standard  flume  of  the  United  States ;  but  it  cannot  be  long  before 
every  water-power  company  will  have  a  flume  of  its  own,  and  every 
large  manufacturer  of  turbines  will  erect  a  private  testing  flume  ; 
and  the  business  of  building  and  introducing  such  motors  will 
thus  become  settled,  at  a  very  early  date,  upon  a  substantial  and 
satisfactory  basis. 
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DISCUSSION. 

Mr.  Samuel  Webber. — I  have  been  very  much  pleased  with  the 
clear  and  full  history  of  systematic  turbine  testing,  in  the  United 
States,  given  by  Professor  Thurston,  and  agree  with  him  fully, 
that  all  turbines  should  be  tested,  and  carefully  tested,  before 
being  put  on  the  market ;  and  I  know  that  this  can  be  correctly 
done  at  the  Holyoke  testing  flume,  as  now  arranged  by  Mr. 
Herschel. 

There  have  been  some  remarkable  tests  reported  from  the  Old 
Flume,  which  it  has  been  impossible  to  repeat  or  duplicate,  at 
a  later  date  with  the  same  wheels,  and  the  90  per  cent,  test 
of  the  Risdon  wheel,  referred  to  by  Professor  Thurston,  is  one  of 
them.  I  have  no  doubt  of  the  correctness  of  the  Centennial  test, 
which  gave  .8768  per  cent,  net  effect  from  this  wheel,  for  other 
wheels  tested  by  other  engineers,  in  various  places,  corroborate  it 
very  closely,  but  I  have  never  myself  got  so  high  a  result  from 
any  other  wheel ;  and  it  should  also  be  noted  that  the  very  high 
efficiency  reported  from  some  wheels  has  been  usually  found 
tested  of  very  small  wheels,  of  fifteen  or  twenty  inch  diameter, 
where  a  very  considerable  effect  might  be  exercised  upon  the 
wheel  by  the  man  who  handled  the  lever  at  the  brake. 

There  was  probably  more  or  less  error  in  the  tests  at  the  Cen- 
tennial Exposition,  from  the  thinness  of  the  iron  of  the  testing 
curb  and  penstock,  which  caused  them  to  spring  more  or  less 
with  the  load  of  the  water,  and  made  some  of  the  wheels  bind  in 
their  cases,  or  on  the  steps,  but  the  error  cannot  have  been  very 
great,  and  in  the  test  of  the  Risdon  wheel,  which  ran  very  freely, 
were  probably  not  to  be  noticed. 

There  is  now  and  then  a  wheel  turned  out  which  gives 
remarkable  and  unaccountable  results,  as  in  the  case  of  the  Her- 
cules wheel,  reported  by  Professor  Thurston,  of  which  I  had  pre- 
viously heard  from  Mr.  Herschel,  and  of  the  correctness  of  which 
I  have  no  doubt,  but  my  own  results  with  this  type  of  wheel  will 
vary  between  eighty-one  and  eighty-four  per  cent,  net  effect. 

I  have  since  that  time  tested  another  turbine  of  the  same 
make  as  one  of  those  tested  at  the  Centennial,  but  of  much  larger 
size  and  greater  power,  and  the  results  confirm  each  other  so 
closely  that  I  am  tempted  to  quote  and  compare  them  here  in  cor- 
roboration of  the  statement  that  these  records  may  be  made  sub- 
stantial and  satisfactory.     I  refer   to   the  "  Geyelin  "  Turbine,  a 
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wheel  of  the  "  Jonval,"  or  downward  discharge  type,  built  by 
Messrs.  R.  D.  Wood  &  Co.,  of  Philadelphia,  and  the  other  wheel 
was  eighty-four  inches  in  diameter,  and  was  tested  in  the  pit  of 
the  John  P.  King  mill,  at  Augusta,  Ga.,  and  the  comparison  of 
the  two  tests  is  given  below : 
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36"  37."44 

132  to  1 

80  lbo. 

213.5 

9  ft. 

.896  ft. 

14S04 

81.89'  68.38 

.8343 

May  3,  1884 

84"  84" 

185.88  to  1 

1092.5  lbs. 

76.19 

19  ft. 

1.9853  ft. 

10:318.5 

559.95  488.85 

.8367 

The  head  of  water  acting  on  the  wheels  happened  to  be  iden- 
tical in  both  cases,  viz.:  29.30  ft.,  but  the  result  attained  under  cir- 
cumstances so  widely  different  in  all  other  respects  is  remarkable, 
and  shows  how  accurately  turbines  can  be  constructed.  These 
tests  were  both  made  at  "  full  gate,"  and  no  partial  gate  tests  were 
made  or  desired  of  the  wheel  at  Augusta,  which  had  been  guar- 
anteed to  475  HP.  under  32  ft.  head,  the  result  showing  that  it 
would  have  given  534  HP. 

In  such  a  case  as  this  it  will  probably  be  always  necessary  to 
test  the  wheel  "  in  situ,"  but,  as  a  rule,  for  all  wdieels  of  ordinary 
or  moderate  dimensions,  such  a  testing  flume  as  that  of  the  Hol- 
yoke  Water-power  Co:,  where  wheels  can  be  tried  by  disinterested 
and  unprejudiced  engineers  at  very  much  less  cost  than  it  can  be 
possibly  done  on  the  spot  where  they  are  to  be  used,  must  be  con- 
sidered as  of  the  greatest  advantage,  and  as  a  boon  not  onby  to 
the  engineering  profession,  but  to  the  public  at  large. 

The  President. — As  the  paper  is  historical  I  do  not  know  but 
that  it  would  interest  you  for  me  to  give  you  an  instance  of  the 
testing  of  a  water-wheel  which  may  possibly  be  useful  because  of 
the  cheapness  and  simplicity  of  the  means  employed. 

Some  years  ago  there  was  a  couple  of  young  men  in  Rhode  Island 
named  Brown,  who,  by  the  way,  were  themselves  cradled  by  water- 
powrer,  their  father  having  attached  a  connection  from  the  shafting 
of  his  mill  to  their  cradle ;  and,  as  a  consequence,  they  were  gen- 
iuses. One  day  they  came  to  the  shop  where  I  wras  at  work  and 
stated  that  they  had  invented  a  water-wheel  wdiich  was  very  much 
superior  to  Stillman's  wheel,  which  was  the  favorite  wheel  of  the 
neighborhood,  claiming  that  they  had  got  thirteen  and  a  half  per 
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cent,  better  results.  On  being  asked  by  Mr.  Cottrell  how  they 
got  at  that  result,  they  said  that  they  had  made  a  very  careful 
test.  They  had  made  two  models,  one  of  their  wheel  and  one  of 
Stillman's  wheel,  both  of  exactly  the  same  size  and  the  same 
openings.  They  put  them  into  the  same  penstock,  so  that  they 
both  had  exactly  the  same  head.  Then,  to  make  sure  that  they 
used  the  same  amount  of  water,  they  measured  the  water  that 
came  through  in  a  pail  and  weighed  it.  While  running  under 
these  similar  conditions  they  took  the  spindle  of  one  wheel  be- 
tween the  thumb  and  finger  of  one  hand  and  the  spindle  of  the 
other  wheel  between  the  thumb  and  finger  of  the  other  hand,  and 
as  near  as  they  could  judge,  there  was  thirteen  and  a  half  per  cent, 
difference ! 

Mr.  Chas.  E.  Emery. — The  paper  refers  to  the  turbine  tests 
conducted   at   the    Centennial    International    Exhibition,    187G. 
There  are  some  reminiscences  of  those  trials  which  will  be  inter- 
esting to  a  body  of  engineers,  but  which  it  was  thought  better  to 
omit  in  the  general  report  of  the  Judges  of  Group  XX.,  written 
by  the  writer,  as  that  work  was  designed  for  more  general  circu- 
lation.    The  elevated  tank  and  pool  below  it  in  the  Hydraulic 
Annex  to  Machinery  Hall  were  designed  under  the  direction  of 
the  late  John   S.  Albert,  Chief  Engineer,  U.  S.  N.,  and  at  the 
time  Chief  of  the  Bureau  of  Machinery  of  the  Exhibition, — one 
object  being  to  form  a  water-fall  as  a  feature  of  general  iuterest 
in  the  Exhibition,  and  another  to  enable  the  turbines  to  be  tested 
by  providing  pumps  of  sufficient  capacity  from  the  pool  to  the 
tank.      The  writer  was  appointed  by  the  Judges  of  Group  XX 
Chairman  of  a  Committee  to  superintend  the  tests  of  water  motors, 
and  under  his  direction  the  weir  and  approach  were  constructed. 
The  approach  was  built  within  the  pool  at  one  side,  being  inclosed 
by  brick  walls  running  to  the  bottom  and  forming  a  box  with  the 
weir  at  one  end  in  which  the  water  could  be  raised  to  a  higher 
level  than  that  in  the  pool  sufficient  to  give  the  necessary  fall.     It 
had  been  intended  to  make  these  tests  typical  ones,  utilizing  all 
the  published  information  on  the  subject  and  employing  as  ob- 
servers some  young  gentlemen  who  had  previously  had  personal 
experience  with  Mr.  Francis.     It  was  generally  understood  at  the 
Exhibition  that  all  experiments  were  to  be  made  by  and  under 
the  direction  of  the  Judges,  and  that  the  executive  force  in  the 
different  departments  would  furnish  the  necessary  facilities,  and 
this  was  carried  out  in  such  of  the  scientific  groups  of  Judges  as 
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made  experiments.     The  Bureau  of  Machinery,  however,  had  dif- 
ferent views  and  considered  that  that  Bureau  should  make  any 
experiments  with  the   machinery;   the  Judges   reporting  to  its 
Chief  in  that  matter  in  stead  of  to  the  Bureau  of  Awards  from 
which  they  received  their  appointments  and  to  which  they  made 
their  reports.    The  fact,  too,  that  one  of  the  Judges  of  Group  XX., 
if  he  had  remained  in  the  naval  service,  would  have  been  very 
much  the  junior  officer  of  the  Chief  of  the  Bureau  of  Machinery 
undoubtedly  had  its  influence.      The  final  result  was  that  the 
Bureau  of  Machinery,  ignoring  the  arrangements  of  the  Judges, 
suddenly  decided  that  there  should  be  an  expert  employed  to  con- 
duct the  turbine  experiments  and,  proper  authority  being  obtained 
(though  without  the  knowledge  of  the  Judges),  Mr.  Samuel  Web- 
ber was  selected  for  the  purpose  to  report  to  the  Bureau  of  Ma- 
chinery.    Mr.  Webber  being  already  a  Judge  in  another  Group, 
and  knowing  nothing  of  the  contention  above  referred  to,  the 
Judges  of  Group  XX.,  having  full  confidence  in   Mr.  Webber's 
professional  attainments,  simply  evaded  the  difficulty  by  appoint- 
ing him  an  associate  member  of  that  Group  under  authority  con- 
tained in  the  Rules ;  and  as  the  only  object  was  to  obtain  reliable 
and  creditable  results,  the  writer  undertook  to  co-operate  with  Mr. 
W^ebber  in  the  conduct  of  the  work.     This,  however,  did  not  prove 
an  easy  task,  as  Mr.  Webber  had  made  a  great  many  tests,  had 
acquired  certain  methods  of  his  own,  and  did  not  care  to  go  into 
many  of  the  refinements  which  such  an  opportunity  would  have 
made  of  great  scientific  value.     While  he  was  pleased  with  the 
action  of  the  Judges,  he  evidently  felt,  moreover,  that  his  authority 
Mas  from  another  source,  and  insisted  practically  on  having  his 
own  way,  and  under  the  circumstances  little  else  could  be  done. 
The  original  design  was  such  that  the  water  was  necessarily  ad- 
mitted to  the  weir  approach  at  the  side,  so  that,  although  ample 
provision  had  been  made  in  the  length  of  the  approach,  the  cur- 
rent on  the  side  opposite  the  inlet  was  very  much  the  stronger. 
The  speaker  suggested  a  series  of  baffling  screeus  or  racks,  such 
as  are  described  in  Mr.  Francis's  work,  and  finally  a  single  one  was 
hastily  applied,  but  with  the  spaces  between  the  bars  so  wide  that 
there  was  still  ample  area  for  the  water  with  greater  velocity  to 
pass  along  the  side  where  it  did  before.   Any  further  improvements 
were,  however,  considered  unnecessary  by  Mr.  Webber,  and  the 
experiments  were  conducted  with  the  water  approaching  the  weir 
at  very  different  velocities  on  the  two  sides ;  and,  moreover,  on 
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account  of  the  recoil  of  the  current  from  one  side  of  the  approach, 
floating  bits  of  wood  showed  that  all  of  the  water  did  not  approach 
the  weir  at  a  right  angle,  and  the  evidence  of  this  deflected  cur- 
rent was  sufficiently  marked  to  show  a  ridge  in  the  crest  of  the 
fall  at  the  weir  itself.  Mr.  Francis  in  his  work  states  that  precau- 
tion is  necessary  to  obtain  uniform  velocity  of  approach  to  the 
weir  and  prevent  cross  currents  from  impinging  upon  the  open- 
ings in  the  hook  gauge  box.  Of  course,  it  is  impossible  to  tell 
just  how  much  difference  the  neglect  of  these  precautions  made  in 
this  case.  It  is  satisfactory  to  know  that  the  general  results  cor- 
respond in  general  with  other  tests  made  of  the  same  turbines 
at  other  places,  though  Professor  Thurston  calls  attention  to  some 
apparent  discrepancies.  The  writer  was  necessarily  obliged  to  re- 
tire, and  although  the  younger  Messrs.  Webber  were  kind  enough 
to  obtain  templates  of  the  blades  and  much  of  the  information 
which  he  had  intended  to  analyze  and  discuss,  there  was  no  pro- 
vision for  the  employment  of  proper  assistants  to  do  that  work 
in  the  way  that  those  who  are  accustomed  to  make  experiments 
know  would  be  necessary,  and  there  being  at  the  time  some 
doubt  as  to  the  value  of  the  experiments  thus  conducted,  nothing 
further  was  done.*  Mr.  Webber  reported  to  the  Bureau  of  Ma- 
chinery, and  his  report  also  appears  in  the  general  report  of  the 
Judges  of  Group  XX. 

This  matter  is  mentioned  only  for  the  purpose  of  showing  engi- 

*  The  writer  was  also  Chairman  of  the  Committee  on  boiler  tests,  and  after 
procuring  the  necessary  authority  from  the  Executive  Committee  of  the  Exhibi- 
tion through  the  Bureau  of  Awards,  the  tests  were  actually  conducted  under  the 
direction  of  the  Committee  of  the  Judges  and  in  the  immediate  charge  of  an 
assistant  from  the  writer's  office  selected  by  himself.  The  assistant  necessarily 
remained  in  Philadelphia  where  he  could  receive  his  pay  under  the  eye  of  the 
Centennial  authorities  while  computing  results,  and  an  arrangement  was  made 
with  him  whereby  he  consented  to  report  the  results  of  the  experiments  as  an 
expert  to  the  Bureau  of  Machinery,  entirely  ignoring  the  Judges,  and  his  services, 
with  that  of  others,  were  utilized  in  other  work  in  closing  up  the  affairs  of  the 
Exhibition.  The  boiler  repoit  was  at  first  actually  printed  as  made  by  the  wri- 
ter's assistant,  but  reported  to  the  Bureau  of  Machinery,  in  spite  of  the  protests 
of  the  writer  and  the  Judges  of  Group  XX.,  who  refused  to  do  more  work  until 
5t  was  corrected.  The  general  body  of  Judges  took  the  matter  in  hand,  and  a 
protest  signed  by  a  large  number  of  them,  headed  by  Professor  Henry,  failed  to 
accomplish  the  object.  Finally,  the  writer  was  enabled  to  have  the  original 
boiler  report  withdrawn  and  one  by  the  Committee  of  Judges  substituted  in  its 
place  ,  a  single  letter,  from  a  political  friend  to  the  Director  General,  having  ap- 
parently more  effect  than  the  respectful  protest  of  the  representative  scientific 
men  called  to  act  as  Judges  during  the  Exhibition. 
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neers  the  difficulties  which  arise  frequently  in  attempting  work 
of  investigation,  and  will  serve  also  to  call  attention  to  the  very 
complete  directions  given  in  Francis's  Hydraulic  Experiments  in 
regard  to  experiments  of  this  character. 

The  writer  has  interested  himself  in  deducing  "the  probable 
reason  why  the  results  were  as  good  as  they  proved.  He  had 
arranged  the  hook  gauge  box  outside  the  approach  opposite  the 
back  of  the  weir,  building  practically  a  short  brick  chimney  on 
the  bottom  of  the  pool,  provided  with  a  perforated  pipe  leading 
across  the  bottom  of  the  approach  close  behind  the  weir.  Mr. 
AVebber  immediately  declared  this  position  wrong  and  put  a 
wooden  box  down  inside  the  approach,  further  back  from  the 
weir.  In  fact  there  was  no  objection  to  either  position,  except 
that  his  box  reduced  the  area  of  the  approach,  as  Mr.  Francis 
had  made  an  elaborate  series  of  experiments,  showing  that  the 
statical  pressures  close  behind  the-  face  of  a  weir  and  for  several 
feet  back  of  that  point  are  identical,  although  of  course  the  actual 
depth  of  water  varies  greatly  on  account  of  the  slope  of  the  fall. 
It  has  occurred  to  the  writer  that  the  whole  mass  of  water  in 
motion  at  or  near  a  fall  is  necessarily  in  a  state  of  equilibrium, 
the  water  in  motion  taking  positions  which  will  balance  the  water 
comparatively  at  rest  in  the  bottom,  and  that  therefore  even  the 
ridge  on  the  crest  of  the  weir,  showing  a  meeting  of  conflicting 
currents  at  that  point,  was  all  averaged  in  with  the  varying  heights 
at  other  points,  and  the  average  correctly  shown  by  the  height  in 
the  hook  gauge  box.  Notwithstanding  this  theory,  it  is  not 
recommended  that  other  experimenters  neglect  the  evidently  wise 
precaution  given  in  Mr.  Francis's  elaborate  work  on  the  general 
subject. 
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CCXLIV. 
A  METHOD  OF  EVAPORATING  BY  EXHAUST  STEAM. 

BY  ALBERT  STEAItX?,  BROOKLYN,  X.  Y. 

(Member  of  the  Society.) 

Having  occasion  to  evaporate  considerable  quantities  of  alkaline 
liquors,  the  writer  utilized  the  exhaust  steam  from  an  engine  to 
aid  in  this  work,  by  means  of  the  Evaporating  Pan,  herein  illus- 
trated (Figs.  152  and  153),  which  has  been  in  successful  operation 
for  several  years. 

The  pan  is  17'  6"  x  11'  0"  x  T  6"  deep,  supported  by  timbers 
resting  upon  four  jack  screws,  by  which  it  may  be  lowered  for 
cleaning  or  repairs.  It  has  thirteen  partitions  running  crosswise 
of  the  pan,  each  8'  9"  long,  placed  equidistant  between  the  ends  of 
the  pan,  and  so  arranged  that  liquors  entering  at  the  upper  end 
must  travel  in  a  serpentine  course  fourteen  times  across  the  pan 
to  reach  the  outlet  at  the  lower  end,  it  being  set  on  a  small  incline, 
to  aid  this  flow. 

Hung  between  these  partitions,  from  overhead  supports,  are 
oval  cast-iron  flanged  pipes,  of  9"  x  5"  inside  diameter  connected 
by  return  bends  passing  around  the  open  ends  of  the  partitions ; 
this  pipe  has  a  5"  inlet  on  top  at  the  upper  end,  and  a  4"  outlet  on 
top  of  the  lower  end  for  escape  of  surplus  steam,  which  is  led  to  a 
coil  of  pipes  in  a  warming  tank  (not  shown)  from  which  the  warm 
liquors  are  continuously  supplied  to  the  pan.  Directly  under  the 
4"  outlet  is  a  1-^"  pipe  for  the  removal  of  condensed  water ;  this 
pipe  is  turned  smooth  on  the  outside  and  passes  down  through  a 
stuffing  box  un  the  under  side  of  the  pan,  thus  permitting  it  to  be 
lowered  without  disturbing  the  pipes. 

The  hangers  support  the  cast  pipe  near  the  bends,  alternately  at 
the  front  and  back.  Fig.  152  shows  all  the  front  hangers  but  only 
one  of  the  back  hangers  at  the  letter  a.  Bolted  to  the  pipe-hangers 
are  brackets  carrying  the  shafts  of  agitators  which  reach  nearly  across 
the  pan  :  these  revolve  within  a  circle  of  10"  and  are  formed  of  four 
23 
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blades,  bolted  at 
right  angles  on 
the  shafts,  with 
troughs  1"  x  1" 
formed  on  their 
outer  edges,  being 
driven  about  thirty 
revolutions  a  min- 
ute by  Xo.  35  link- 
belt  running  alter- 
nately over  and 
under  6"  sprocket- 
wheels  secured  to 
the  shafts  outside 
of  the  brackets. 
Each  blade  in  re- 
volving dips  up  a 
trough  full  of  the 
liquor,  which,  in 
due  time,  flows 
back  over  the  inner 
surface  of  its  blade, 
and  the  outer  sur- 
face of  the  pre- 
ceding blade,  thus 
presenting  a  large 
area  of  warm 
metal  from  which 
evaporation  may 
take  place. 

The  liquors 
being  fed  into  the 
pan  at  the  upper 
end,  the  steam, 
aided  by  the  agi- 
tators, compels  a  part  of  the  water  to  pass  off  in  vapor,  causing 
a  slow  but  constant  flow  toward  the  lower  end  where  the  saturated 
solution  is  drawn  off  through  a  pipe  in  the  bottom  of  the  pan  as 
fast  as  it  reaches  the  desired  strength. 

To  give  an  idea  of  the  duty  such  a  pan  can  do,  it  may  be  said  that 
it  has  evaporated  one  hundred  and  twenty  gallons  per  hour  from 
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clear  water,  condensing  only  about  one-half  of  the  steam  supplied 
by  a  plain  slide  valve  engine  of  14"  x  32"  cylinder,  making  sixty- 
live  revolutions,  cutting  off  about  two-thirds  off  stroke,  with  steam 


at  75  lbs.  boiler  pressure,  its  exhaust  steam  being  carried  about 
eighty  feet  to  the  pan  on  the  floor  above. 

It  is  found  that  keeping  the  pan-room  warm  and  letting  only 
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sufficient  air  in  to  carry  the  vapor  up  out  of  a  ventilator  adds  to 
its  efficiency,  as  the  average  temperature  of  the  water  in  pan  was 
only  about  165  F. 

Before  building  this  pan,  experiments  were  made  with  coils  of 
pipe  in  a  small  pan,  first,  with  no  agitator,  then  with  one  having 
straight  blades,  and  lastly,  with  the  troughed  blades ;  the  evapora- 
tive results  being  about  in  the  proportions  of  one,  tw^  and  three 
respectively. 

In  evaporating  liquors  whose  boiling  point  is  220°  F.,  or  much 
above  that  of  water,  it  is  found  that  exhaust  steam  can  do  but  little 
more  than  bring  them  up  to  saturation  strength,  but  on  weak 
liquors,  syrups,  glues,  etc.,  it  should  be  very  useful,  being  easily 
adjusted  for  continuous  action,  and  costing  almost  nothing  for  at- 
tendance or  repairs. 

The  pipes  acting  as  a  condenser  cause  little,  if  any,  back  press- 
ure on  the  engine;  indeed  it  has  been  suggested  that  by  closing 
the  outlets,  making  the  pan  and  pipes  of  sufficient  area,  and  using 
a  pump  or  hot  well,  they  could  economically  perform  the  double 
use  of  adding  power  to  the  engine  as  well  as  being  a  very  handy 
evaporator  which  is  not  patented. 

DISCUSSION. 

Mr.  Geo.  H.  Bahcock. — This  is  a  very  ingenious  plan  for  getting 
a  large  amount  of  evaporation  out  of  a  given  sized  pan,  but,  as 
Mr.  Stearns  is  undoubtedly  well  aware,  it  gets  no  more  from  a 
pound  of  steam  condensed  than  ordinary  pans.  By  the  conden- 
sation of  one  pound  of  exhaust  steam  you  cannot  evaporate  more 
than  a  pound  of  water  directly  by  any  mechanism.  Nor  is  the  effect 
per  square  foot  of  surface  in  the  steam  pipes  much  increased. 
The  heating  or  condensing  surface  in  Mr,  Steam's  pan  is  not 
given,  but  making  a  rough  estimate  from  the  measurements  stated 
it  is  somewhere  about  250  square  feet,  which  would  give  4  pounds 
of  evaporation  per  square  foot  of  surface.  Had  he  taken  those 
same  pipes  and  sprinkled  his  liquor  upon  them  he  would  have 
found  them  still  more  efficient.  This  is  what  is  done  in  the 
Yaryan  triple  effect.  In  an  experiment  made  in  Boston  a  short 
time  ago  with  one  of  those  pans,  an  evaporation  of  1*0  pounds  per 
square  foot  of  surface  per  hour  was  obtained  ;  2S  times  as  great 
as  in  the  case  given  here,  simply  from  the  fact  that  the  water  was 
applied  in  a  better  way.     A  similar  plan  was  employed  in  a  con- 
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centrator  used  some  j-ears  ago  in  sugar  houses,  in  which  the 
liquor  was  caused  to  flow  over  a  stack  of  steam  pipes,  similar  to 
the  coolers  now  common  in  breweries. 

Mr.  Stearns  makes  a  remark  which  is  worth  referring  to  : — "  It 
is  found  that  keeping  the  pan-room  warm  and  letting  only  suffi- 
cient air  in  to  carry  the  vapor  up  out  of  a  ventilator  adds  to  its 
efficiency,  as  the  temperature  of  the  water  in  the  pan  was  only 
about  165  F."  Air  at  a  given  temperature  will  carry  off  a  given 
amount  of  water  without  precipitation,  increasing  rapidly  with 
the  temperature.  The  less  the  air  required  to  hold  the  vapor  in 
suspension,  the  less  the  loss  of  temperature  in  the  vapor  to  heat 
that  air,  and  it  is  evident  that  there  is  a  maximum  point  for  any 
given  quantity  of  vapor  at  any  given  temperature.  To  keep  the 
supply  of  air  at  this  point  would  be  a  decided  advantage.  For 
instance,  if  the  temperature  could  be  maintained  at  165  degrees 
with  the  air  passing  out  saturated  with  vapor,  supposing  it  came 
in  half  saturated  at  60  degrees,  it  would  require  the  admission  of 
only  40,000  cubic  feet  an  hour  to  carry  off  the  amount  of  vapor 
which  was  formed.  But  if  enough  air  was  admitted  to  lower  that 
temperature  to  100  degrees,  it  would  require  400,000  cubic  feet, 
or  about  ten  times  as  much  to  carry  off  the  same  amount  of  moist- 
ure. Whence  we  can  see  the  reason  why  he  found  it  better  to 
close  his  ventilators. 

Mr.  Alex.  Miller. — My  experience  with  vacuum  pans  is  that 
about  CA  pounds  of  water  are  evaporated  per  square  foot  of  heat- 
ing surface  per  hour.  In  double  or  triple  effect  apparatus  41  to  5 
pounds  are  evaporated.  And  in  the  case  of  salt  pans  for  pro- 
ducing common  salt  where  the  temperatures  used  are  much  higher 
than  in  the  case  of  sugar  work  we  get  as  much  as  9  or  10  pounds 
per  square  foot. 
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CCXLV. 

DIRECT  ACTING  STEAM  VENEER-CUTTERS. 

BT  THOS.   S.   CRANE.   NEWARK,   H.   J. 

(Member  of  the  Society.) 

The  first  veneer  and  lumber  cutter  illustrated  herein  is  the  in- 
vention of  Dr.  H.  S.  Smith,  of  Brooklyn. 

Being  interested  in  the  cutting  of  veneers,  it  one  day  occurred 
to  him,  when  watching  the  power  of  a  steam  hammer,  and  the  ease 
with  which  its  movements  were  controlled,  that  the  knife  for  cut- 
ting veneers  might  be  actuated  by  direct  connection  with  a  steam 
piston,  and  the  use  of  the  machinery  and  gearing  usually  employed, 
be  avoided,  while  the  power  of  the  machine  was  increased. 

He  engaged  a  draftsman  to  work  out  his  ideas,  but  after  two 
years  of  planning,  found  that  his  design  was  still  unfit  for  con- 
struction. 

The  writer  was  then  called  in,  and  found  that  many  patterns  had 
been  constructed  while  the  plan  was  still  incomplete ;  the  frame 
being  designed  with  solid  beams  of  cast  iron,  eight  inches  thick, 
and  from  twelve  to  twenty  inches  wide,  and  the  steam  cylinder 
having  been  drawn  of  sixteen  inches  bore  and  two  and  one-half 
inches  in  thickness. 

As  it  was  imperative  that  a  machine  should  be  rapidly  finished, 
the  writer  undertook  to  use  the  cylinder,  which  was  fourteen  feet 
long,  and  designed  for  a  machine  to  cut  logs  24  inches  square  and 
8  feet  in  length,  but  discarded  all  the  other  patterns;  and  in  order 
to  use  the  direct  acting  principle  required  by  the  inventor,  fur- 
nished the  cylinder  with  nine-inch  balanced  piston  valves  actuated 
by  a  four-inch  steam  piston. 

The  four-inch  piston  was  reversed  at  each  end  of  the  stroke  by 
the  movements  of  a  D-valve,  act  uated  by  connections  with  tappets 
which  were  shifted  at  each  end  of  the  stroke  by  dogs  upon  the 
reciprocating  knife  carrier;  and  the  feed  mechanism  was  also  actu- 
ated by  tappets  and  dogs. 

The  appearance  of  the  machine  is  shown  in  Figs.  11G,  117  and 
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118,  the  stay -log  b  being  located  on  a  level  with  the  second  story  in 
the  building  in  which  the  machine  was  erected,  and  the  knife  and 
its  carrier  reciprocating  before  the  stay-log  in  ways/1  at  an  angle  of 
28  degrees. 


g  is  the  steam  cylinder,  and  g1  its  piston  rod,  attached  directly  to 
the  knife  carrier  /,  which  was  formed  as  a  frame  of  6,000  lbs. 
weight,  carrying  a  compression  bar  or  roller  close  to  the  edge  of  the 
knife  to  form  a  throat  like  that  in  a  hand  plane. 
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(f  are  the  main  valve  chests  ;  g*,  the  rod  connecting  their  piston 
valves  ;  c2,  the  cylinder  for  the  four-inch  actuating  piston  ;  and  c8, 
the   chest  for  the   D-valve,  which  is  actuated    by  connections   r, 


r3,  to  the  tappets  r\   actuated  by  roller  dogs  s  upon  the   knife 

carrier/". 

c4  are  the  tappets  to  actuate  the  feed  mechanism,  which  consisted 
in  screws  n,  shown  in  Fig.  118,  which  were  fitted  to  separable  nuts 
/,-,  which,  when  opened,  permitted  the  speedy  movement  of  the 
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stav-log  by  means  of  a  piston  rod  p1,  and  a  steam  or  water  cyl- 
inder j?. 

In  Fig.  117  are  shown  the  feed  ratchet  wheels  s,  actuated  by 
pawls  61,  which  were  reciprocated,  preceding  each  cut,  by  the  upper 


tappet  c*.  The  tappet  imparted  a  uniform  oscillating  motion  to 
its  shaft  h\  which,  by  connections  shown  in  Fig.  117,  oscillated  a 
lever  v1,  which  was  fitted  within  a  sliding  box  which  formed  its  ful- 
crum, and  which  could  be  adjusted  and  clamped  at  any  point 
between  its  two  extremities. 
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tappet 


A  screw  v3,  operated  to  adjust  the  sliding  box  by  its  connection 

with  a  collar  v,  movable  vertically  by  the  screw  upon  a  post 
The  lever  v1  thus  converted  the  uniform   motion  of  the 

into    the    variable 

stroke  required,    for 

the    pawls   s1,   with 

different  feeds. 
The   stay -log    5, 

carrying  the   log  h, 

was  drawn  backward 

a  quarter  of  an  inch 

at  the  end    of   each 

stroke,   to  make  the 

log  clear   the   knife 

while  ascending  the 

ways/1. 

This  was  effected 

by  the  means  shown 

in  Figs.  117, 118  and 

121,  the  nuts  n2  being  fitted  by  feet  o,  and  by  a  tongue  fitted  into  a 

groove  o1,  to  slide  longitudinally  upon  a  standard  m. 

A  so-called  clearance  wedge,  consisting  in  a  bar  ?>2,  provided  with. 

an  inclined  rib  r5,  was  fitted  in  a  vertical  groove  in  the  standard  m 

behind  the  foot  o,  and  the  inclined  rib  was  fitted  to  an  inclined 

groove  in  the  back  of  the  foot. 

The  clearance  wedges  were  actuated  at  the  end  of  each  stroke  by 

a  connection  with  the  lower  tappet  c4,  by  bell  cranks  &3,  and  a  rod 

I/*,  shown  in  Fig.  116  ;  and  the  nut  boxes,  when  clamped  upon  the 

screws,  were  thus  moved  back  and  forth  at  the  end  and  commence- 
ment of  each  stroke,  holding  the  wood  up 
to  the  knife  during  the  feed,  and  retract- 
ing it  during  the  return  stroke. 

The  screws  n  were  grooved  to  slide 
freely  through  the  ratchet  wheels  s, 
which  were  provided  with  feathers,  and 
the  wheels  thus  operated  to  rotate  the 
screws,  while  the  latter  could  be  quickly 
retracted  when  the  nuts  were  opened   to 

use  the  cylinder p  for  quickly  withdrawing  the  stay  log  to  insert  a 

new  log. 

Fig.  120  shows  the  different  forms  of  pressers  used  with  woods 
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of  different  hardnesses,  and  Fig.  118  shows  the  adjustment  of  the 
presser  adjacent  to  the  edge  of  the  knife,  the  presser  being  set  at 

the  required  distance  by  screws  Z2, 
connected  by  bevel  gears  with  a 
shaft  I. 

Fig.  122  shows,  in  an  exag- 
gerated manner,  the  grinding  of 
the  edge  of  the  knife  at  d>  ;  such 
grinding  operating  to  throw  the 
edge  of  the  knife  slightly  above 
its  plain  surface  d\  to  prevent  the 
knife  from  running  into  the  wood 
during  the  cut. 

The  presser  e  operated  to  com- 
press the  wood  in  advance  of  the 
knife,  and  rendered  the  cut  ve- 
neer more  sound  and  perfect  than 
wtthout  such  compression. 

Such  compression,  however, 
materially  increases  the  resistance 
to  the  movement  of  the  knife  carrier,  so  that  when  the  machine  was 
put  in  operation,  it  was  found  that  the  elastic  force  of  the  steam  in 
the  cylinder  g  operated  to  jerk  the  entire  carrier  when  it  ran  off 
of  the  wood  ;  and  more  or  less  difficulty  was  found  in  securing  the 
prompt  introduction  of  the  steam  at  the  lower  end  of  the  cylinder 
properly  to  cushion  the  piston  at  that  end  of  the  stroke.  A 
balanced  gover- 
nor valve  y  (Fig. 
116),  was,  there-  ^ 
fore,    applied    to  ^J  _T 

the  rear  cylinder   L 

head  (at  the  sug- 
gestion of  Dr. 
Smith's  son),  and 
connected  by  pipe 
y1  directly  with 
the  boiler  steam 
pipe  g2 ;  and  such  valve  was  actuated,  through  an  arm  ur  and  link 
ir\  by  a  special  tappet  w,  which  was  operated  by  a  dog  upon  the 
knife  carrier  just  before  the  end  of  the  stroke. 

With  this  construction  the  upward  movement  of  the  piston  was 


TiqJ22 
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not  dependent  upon  the  prompt  shifting  of  the  main  supply  valves  in 
the  chest  e3,  which  were  liable,  in  starting  up  on  cold  days,  to  work 
stiffly  for  some  time;  but  the  live  steam  from  the  boiler  was  intro- 
duced positively  into  the  cylinder  before  the  end  of  the  downward 
stroke,  and  thus  operated  effectually  to  cushion  the  piston,  and  to 


:    eg— — 


_-Z=™3 


::-—-.- r::^T.-.'.~ 


start  it  on  its  return  stroke.  A  spring,  not  shown,  was  provided  to 
close  the  governor  valve  y  as  soon  as  the  piston  had  moved  a  few 
inches  upon  its  upward  stroke. 

The  inclination  of  the  valve  rod  g*  caused  the  rod  and  its 
attached  piston  valves  to  shift  much  more  readily  in  one  direction 
than  the  other,  and  a  considerable  steam  pressure  was  required  in 
the  shifting  cylinder  <?  (which  is  shown  in  section  in  Fig.  123),  to 
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move  the  valves  promptly  upward  for  admitting  steam  to  the  lower 
end  of  the  main  cylinder  g. 

To  cushion  properly  the  four-inch  piston,  when  moved  so  rap- 
idly, the  exhaust  was  conducted  from  each  end  of  the  cylinder  to 
the  under  side  of  the  D-valve  exclusively  through  small  steam 


pipes  in  which  wheel  valves  were  placed  to  throttle  the  exhaust 
as  required. 

With  this  construction  a  steam  pressure  of  TO  pounds  could  be 
thrown  upon  the  four-inch  piston  to  shift  it  promptly  witllout 
creating  any  jar  in  the  valve  rod  which  it  actuated. 

These  pipes  are  indicated  in  Fig.  123  by  clotted  lines  extending 
from  each  end  of  the  cylinder  to  holes  beneath  the  D-valve. 

The  complication  of  this  machine  suggested  to  the  writer  the 
importance  of  remodeling  the  design  entirely,  and  Figs.  124  and 
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125  show  a  machine  recently  completed,  from  the  writers  designs 
at  the  Delamater  Iron  Works,  New  York  City,  and  now  shipped 
to  Toronto,  Canada,  in  which  the  feed  and  valve  mechanism  are 
actuated  by  a  rotating  shaft,  and  all  the  impact  and  jar  of  the 
tappets  is  thereby  avoided. 

To  rotate  such  shaft  in  unison  with  the  knife  carrier,  it  was  nec- 


essarily coupled  thereto,  involving  a  crank  plate  of  the  same  stroke 
as  the  knife  carrier;  and  as  the  inclined  position  of  the  ways  which 
were  placed  at  an  angle  of  45°  produced  a  downward  tendency  of 
the  knife  carrier  when  the  machine  was  at  rest,  it  was  necessary  to 
provide  an  auxiliary  engine  to  turn  the  lower  center,  in  case  of  the 
stoppage  of  the  carrier  at  such  point. 

By  the  use  of  such  auxiliary  engine,  the  necessity  of  a  separate 
steam  cylinder  for  shifting  the  stay-log  backward  was  avoided,  and 
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a  connection  was  readily  made  from  the  auxiliary  engine  to  the  feed 
screws,  through  the  medium  of  friction  wheels,  which  were 
operated  by  a  hand  lever  to  rotate  the  screws  in  either  direction, 
as  required. 

The  auxiliary  engine  was  8x8  inches  and  stationed  upon 
the  upper  bed  plate  at  a  level  with  the  stay-log. 

Its  pulley,  36  inches  x  12,  was  connected  with  a  friction  clutch 
pulley  upon  an  intermediate  shaft,  which  in  turn  was  connected 
by  a  pinion  and  56-inch  mortise  wheel,  3-inch  pitch,  and  6-inch  face, 
with  the  crank  shaft  (the  arrangement  of  this  gearing  is  shown  in 


Fig.  126).  The  main  steam  cylinder  was  18  inches  bore,  and  sup- 
plied with  steam  by  a  single  D-valve,  actuated  by  an  eccentric 
on  the  crank  shaft  and  formed  with  lap  to  cut  off  at  two-thirds 
stroke. 

A  starting  lever,  mounted  npon  a  platform,  in  front  of  the  wavs 
and  in  view  of  the  stay-log,  was  connected,  by  separate  rods, 
with  the  friction  clutch,  and  with  the  lever  of  a  weighted  brake 
applied  to  the  intermediate  shaft,  the  movement  of  the  starting 
lever  thus  operating  automatically  to  throw  the  brake  into  operation 
whenever  the  friction  clutch  was  disengaged  from  the  shaft. 

The  auxiliary  engine  was  constantly  in  motion,  and  a  throttle 
lever  connected  with  a  valve  in   the  main  steam  pipe,  served  to 
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admit   steam    to  the   main    cylinder,    after    the  clutch  had  been 
coupled  and  the  knife  carrier  set  in  motion  by  the  auxiliary  engine. 

The  opening  of  the  steam  valve  admitted  steam  to  the  main  cyl- 
inder in  the  degree  required  for  cutting  various  thicknesses  of  wood, 
as  from  Tag-  of  an  inch  to  1  inch  of  pine,  and  it  was  found  in  practice 
that  the  auxiliary  engine  alone,  with  80  lbs.  of  steam,  would  operate 
the  knife  carrier  to  cut  soft  wood  under  £  of  an  inch  in  thickness. 

The  18-inch  cylinder  has  proved,  in  practice,  unnecessarily 
large  for  cutting  thick  wood,  as  black  walnut  could  be  cut  intof 
inch  boards  with  a  very  small  opening  of  the  throttle  valve. 

In  fact,  the  pressure  carried  (90  lbs.)  was  t©o  high  for  readily 
controlling  the  machine,  and  a  diaphragm  of  sheet  metal,  having  a 
central  hole  of  only  1^  inches,  was  placed  in  the  4-inch  steam-pipe 
and  supplied  all  the  steam  required  for  the  large  cylinder. 

Samples  of  wood  are  on  exhibition  at  this  meeting  cut  from 
white  wood,  black  walnut,  and  oak,  the  oak  being  cut  l  inch  and 
-|  thick,  and  the  black  walnut  and  white  wood  being  cut  from  -^ 
to  !-inch  in  thickness. 

The  latter  machine  was  designed  to  cut  boards  4  feet  in  length 
exclusively  for  box  stuff,  as  the  consumption  of  wood  for  such 
purposes  in  some  districts  is  larger  than  for  almost  any  other  use  ; 
and  the  machine  is  fully  adapted  for  cutting  any  kind  of  wood 
from  f  to  f  of  an  inch  in  thickness,  although  it  will  of  course  op- 
erate with  equal  facility  and  uniformity  upon  thin  veneers. 

The  device  shown  in  Figs.  127  and  128  illustrates  the  means 
employed  for  stopping  the  feed  automatically  when  the  log  was 
entirely  cut,  and 
consisted  in  a 
weight  connected 
by  a  leather  strap 
to  the  feed  pawl, 
so  that  the  drop- 
ping of  the  weight 
would  lift  the  feed 
pawl  from  the 
teeth  of  the  feed 
wheel.  Only  one 
feed  wheel  was 
used,  and  the  feed 
screws  were  connected  by  sprocket-wheels  and  a  chain  manufac- 
tured by  the  Link  Belt  Company. 


?.  127. 
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sleeves    (shown    in     Fig. 
and  fitted  in  standards 
behind  the  stay-log. 

The  reciprocating 
rod,  which  actuated  the 
feed  mechanism,  was 
coupled  by  suitable 
links  to  each  of  the 
arms  shown  upon  one 
of  the  threaded  sleeves, 
in  Fig.  129,  to  rotate 
them  a  quarter  turn  at 
each  end  of  the  stroke. 

Such  rotation  served, 
after  the  cut,  to  retract 
the  screws  and  stay-log 
29 


129), 


As  shown  in  Fig.  127,  the 
weight  could  be  lifted  by  a 
treadle,  to  allow  the  pawl  to 
operate,  to  start  the  feed,  and 
was  then  sustained  by  a  spring 
atch,  which,  when  the  stay-log 
had  moved  nearly  up  to  the 
knife  and  the  log  was  entirely 
cut,  was  released  by  a  dog  upon 
the  stay-log,  thus  permitting 
the  weight  to  drop,  and  lifting 
the  pawl  as  required. 

Fig.  128  shows  the  pawl 
.crank  provided  with  two  pawls 
so  as  to  take  one-half  tooth  at  a 
feed,  and  also  showing  a  light 
spiral  spring  connected  to  the 
pawls  to  hold  them  into  the 
gear  teeth  until  the  weight 
tripped  by  the  stay  log  oper- 
ated to  lift  them  out. 

The  feed  nuts  in  this  latter 
machine  were  made  solid  and 
attached  to  the  stay  log,  and 
the  screws  were  journaled  in 
which   were    threaded    externally 


Fig.  129. 
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without  turning  the  screws,  so  that  the  knife  might  clear  the  wood 
upon  its  upward  stroke. 

The  reverse  movement  of  the  feeding  rod,  prior  to  each  cut, 
served  to  actuate  the  feed,  and  simultaneously  to  rotate  the  threaded 
sleeve  in  which  the  screws  were  journaled,  and  to  thus  restore  the 
sleeves  to  their  initial  position,  in  which  they  held  the  wood  up  to 
the  knife  during  the  cut. 

This  construction  was  much  more  simple  than  the  separable  nuts 
and  sliding  wedges  used  in  the  former  machine,  and  proved  equally 
effective. 

DISCUSSION. 

Mr.  Allan  Stirling. — I  wish  to  express  my  great  gratification  at 
the  presentation  of  a  paper  of  this  kind,  and  would  call  attention 
to  a  recent  improvement  which  has  been  introduced  in  many  large 
saw  mills.  In  one  mill  in  which  I  have  been  interested  for  many 
years,  and  where  over  2,000  logs  are  sawn  every  day,  the  slabbing 
is  done  largely  by  a  gang  of  circular  saws  worked  with  a  steam 
feed.  The  work  is  done  very  rapidly,  and  the  feed  apparatus 
works  beautifully. 

Mr.  John  Walker. — In  cutting  the  thick  pieces  is  there  any 
tendency  for  the  lumber  to  split  as  a  lath  does  ? 

Mr.  E.  P.  St?xitton.—Is  the  log  prepared  for  the  machine  by 
being  steamed  or  soaked  before  it  is  put  in  ? 

Mr.  Thus.  S.  Crane. — The  layers  are  always  sound  when  the 
pressure  of  the  rollers  is  properly  graduated  :  there  is  danger  that 
the  wood  will  be  splintered  if  this  pressure  is  not  strong  enough. 

When  the  layers  are  to  be  cut  thicker  than  a  quarter  of  an  inch, 
the  log  is  usually  steamed.  The  three-quarter  inch  whitewood 
sample  exhibited,  and  the  quarter-inch  oak  sample  were  cut  dry, 
but  it  is  not  usually  thought  desirable  to  do  this  for  such  thick- 
nesses, as  wood  cut  above  |  inch  is  more  liable  to  be  checked  or 
splintered  by  the  process,  and  the  steaming  diminishes  such  ten- 
dency. 
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CCXLVI. 

SHO  ULD  A  PISTON  PA  CKING  RING  BE  OF  THE  SAME 
THICKNESS  AT  EVERY  POINT? 

BT  L.    H.    RUTHERFORD,   NEW   TORK   CITT. 

INTEODUCTIOX. 

The  following  paper  is  an  answer  to  the  question  whether  the 
ordinary  cast-iron  packing  ring  which  expands  by  its  own  elastic- 
ity against  the  bore  of  a  cylinder  can  be  m;ide  to  press  equally  in 
every  direction,  so  as  not  to  cause  unequal  wear.  The  ring  is 
turned  a  little  too  large  (perhaps  \  inch  for  each  ten  inches  di- 
ameter), and,  after  being  turned,  is  cut  at  one  point,  so  that  it  can 
be  compressed  into  its  groove  in  the  piston  and  be  introduced 
into  the  cylinder,  where  it  is  to  work.  Should  the  inside  of 
such  a  ring  be  concentric  with  the  outside,  or  should  the  ring  be 
thicker  opposite  the  cut?     If  so,  by  how  much? 

Mr.  Rutherford's  calculation  was  undertaken  at  my  suggestion 
to  answer  this  point,  as  part  of  the  work  of  his  concluding  year  as 
student  in  the  School  of  Mines  of  Columbia  College,  and,  inci- 
dentally, some  other  questions  were  brought  in  as  being  of  interest. 
It  is  presented  to  the  Society  to  elicit  discussion  as  to  whether  prac- 
tice would  show  that  the  theoretical  discussion  has  taken  account 
of  all  the  factors  which  should  be  considered. 

F.  It.  IIutton. 

Let  A  H,  Fig.  Ill,  be  a  transverse  sectional  view  of  the  cylin- 
der, showing  the  cast-iron  packing  ring,  N  N~,  in  an  exaggerated 
state  as  to  relative  size.  This  ring  is  of  constant  breadth  b, 
in  the  direction  of  the  axis  of  the  cylinder,  of  variable  radial 
depth  d,  and  is  severed  at  the  point  C.  The  two  halves, 
C  P  D  and  C  E  D,  symmetrical  in  every  respect,  hold  each 
other  in  equilibrium  against  external  pressures  by  virtue  of  the 
internal  strains  in  the  ring. 

Let  the  broken  line,  N  N,  be  the  elevation  of  the  neutral  sur- 
face of  the  ring,  which  separates  fibers  in  compression  from  fiber 
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in    tension.     Since   the  cross  section   is  rectangular,   this  neutral 
surface  will  be  midway  between  the  outer  and  inner  surfaces  of 
the  ring.     Cut  off  any  segment  of  the  rh?g,  as  C  S  P,  by  a  plane 
Pig.  Ill  P  R,  perpendicular  to  the  neu- 

tral surface,  intersecting  that  sur- 
face in  the  line  N~,  which  is  the 
neutral  axis  of  the  cross  section 
made  by  the  plane  P  R.  Let  us 
now  consider  the  conditions  of 
equilibrium  of  the  segment  C S 
P.  Let  dx,  at  S,  be  the  length 
of  an  infinitesimal  element  of  the 
outer  surface,  and  call  the  arc 
PS,  or  the  variable  distance  of 
the  element  :rom  P,  x.  Draw 
ON  and  0  S,  and  draw  XT 
perpendicular  to  U  iS  at  T.  Let  0  JV '=  Ry,  0  P  =  P  =  radius 
of  the  cylinder,  variable  angle  P  O  S  =  6  and  angle  P  0  C  = 
8'.  Let  p  =  pressure  per  square  inch  produced  by  the  packing 
ring  on  the  surface  of  the  cylinder.  Now,  the  area  of  the  element 
at  S  =  i  dx  ;  the  pressure  on  it  =  p  b  dx,  and,  since  this  pressure 
is  directed  toward  the  center  0,  its  lever  arm,  with  respect  to  the 
point  i\T  =  N  T  =  i?i  sin  6,  and  the  moment  of  this  pressure 
with  respect  to  that  point  is^  b  Rl  dx  sin  8.  But  x  —  R  8  .-. 
dx  =  R  d8,  and  we  have  p  b  R  i?x  sin  8  d8,  for  the  moment  of 
this  pressure. 

The  total  pressure  on  the  cylinder  from  C  to  P  is  produced  by 
the  reaction  of  the  strained  fibers  in  the  cross  section  P  R,  and 
calling  the  total  moment  of  resistance  of  this  cross  section  about 
its  neutral  axis  X  21,  we  have 


M=f   R  Rxp  IdBsm  8. 


Integrating,  21  —    R  b   Rx  p   (1  —  cos    8')   =    R   R1p  b   ver. 
sin  & (1.) 

Let   us   now  find    the  value  of  2T  for  the  cross 
section  P  R.     See  Fig.  112. 

Let  f  =  the    unit    strain    in    the    extreme    filters 
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neutral    axis.      Let   dy    —    the   length  of   an  infini- 
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tesimal  element  of  the  section  at  a  distance  y  from  the  neutral 
axis.     Then  its  area  —  b  dy  and  the  unit  strain  in  this  element,  in 

f 
accordance  with  the  principle  of  elastic  reaction  =^-,x  y  and  the 

•P  J  7 

total  force  exerted  by  this  element  =  '       ? — -.    Xow,  the  lever 

s  «• 

arm   of  this  force,  with  respect  to  the  neutral  axis,  is  y  and  its 

■F  Tk 

moment  = '— ,  y2  dy,  and  the  moment  of  resistance  of  the  entire 
section  is  equal  to  twice  that  of  one-half  the  section 

2/& 


by  integration, 


2/6  /»£    2  7  ,r 


.,      fid5       fbd*  ,as 

M=-Td=  -6" (2<) 


Equating  the  second  members  of  (1)  and  (2)  we  have ^—^ —  = 

li  Rxp  h  versin  S'. 

Now,  Rx  =  OP—  0  N  =  R  —  ^d.  But  %d  in  practical  cases 
is  quite  small  compared  with  R,  and  we  may  regard  the  variable 
R  —  %d  as  constant  and  equal  to  R.     Therefore, 

•^  =  R  p  versin  ff (3.) 

Having  now  deduced  an  equation  involving  the  variable  depth, 
we  will  next  seek  to  impose  upon  it  the  condition  that,  when  the 
ring  is  removed  from  the  cylinder,  it  shall  spring  back  into  the  arc 
of  a  circle,  as  this  is  required  by  its  method  of  mechanical  construc- 
tion. 

If  we  take  a  portion  of  a  ring,  as  A  B  C D,  Fig.  113,  of  uniform 
rectangular  cross  section,  and  bend  it,  so  that  its  neutral  surface, 
JV  JV,  assumes  the  arc  of  a  circle,  put 
ting  the  outer  side  in  tension  and  the 
inner  in  compression,  it  is  obvious,  a^  ^ 
if  the  unit  strain   is  constant  on  each  d>/ 

side  of  the  neutral  surface,  in  the  ex-  Fig.  113       e 

treme  fibers,  that,  on  releasing  the  ring,  it  will  spring  back  into  an- 
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other  circular  arc,  due  to  the  uniform  contraction  of  the  outer  side  and 
the  uniform  extension  of  the  inner  side.  Now,  it  is  further  obvious 
that,  if  the  portion  of  a  ring,  Ax  B  CDX,  of  constant  breadth,  but  vari- 
able depth  radially,  be  bent  so  that  its  neutral  surface  shall  occupy 
the  same  position,  ]V  JV,  it  will  spring  back  into  the  same  circular  arc 
(as  far  as  the  neutral  surface  is  concerned)  on  being  released  from 
strain,  'provided  that  there  exist  in  the  fibers  of  the  ring,  at  the 
time  of  strain,  the  same  strains  as  would  occur  in  them  if  they 
formed  part  of  the  uniform  ring  at  the  time  when  it  was  deflected 
in  a  circular  arc.  Now,  considering  Ax  B  C  Dx  a,  part  of  A  B  CD 
we  know  that  the  strain/,  in  an  extreme  fiber  of  Ax  B  C DXi  is  to 
the  strain  fx  in  an  extreme  fiber  of  A  B  G  D,  as  the  distance  of  the 
first  from  the  neutral  surface  is  to  the  distance  of  the  second  from 

that  surface.     That  is,/  :  f  :  :  \d  :  \dx,  or  ^  =  ^~  =    constant 

because /j  and  dx  are  both  constant. 

f  d 
Therefore,/—  -V-  (4)  is  the  equation  of  condition  for  the  ex- 

CLX 

pansion  into  a  cylindrical  surface  of  the  neutral  surface  of  a  spring, 
which  neutral  surface  is  already  cylindrical,  due  to  a  unit  strain  of 
fx  in  the  extreme  fibers  at  the  point  where  the  greatest  depth  dx 
occurs.  Now,  the  condition  which  makes  Eq.  (4)  applicable  is  not 
strictly  realized  in  the  case  in  hand,  for  it  is  the  outer  surface  of 
the  ring,  and  not  the  neutral  surface,  which  is  cylindrical ;  but, 
unless  we  find,  on  further  discussion,  that  the  depth  of  the  ring  is 
a  considerable  part  of  the  radius  of  the  cylinder,  we  may  assume 
that  the  neutral  surface  is  cylindrical,  without  material  error. 
Substituting   in    (3)   the   value  of  /  taken    from  (4),   we  have 

^——  =7f-r-  =  B2  p  Tersin  6, 
b  6  dx  l 

or 

_       6  Br  p  dx  versin  6'  ... 

ds  =   ^-r. {A.) 

To  find  the  maximum   depth  of  the  ring,  which  occurs  where 
H'  =  180°  and  versin  6'  —  2,  we  make  d  =  dx  and  have 


or 


.„       6  R*p  dx  x  2 
dx3  =  ^ , 

;2  MB*']! 

^  =  — f-^, 
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hence 

4  =2iJ|/p  =  2>|/'S (A) 

From  a  consideration  of  (J.),  we  see  that  the  deptli  d  varies  as 
the  ywersin  6\  where  6'  is  measured  from  the  small  end  of  the 
ring,  since  versin  6'  is  the  only  variable  in  the  second  member.  In 
equation  {A)  make  d3  =  cl*  and  versin  0  =  2,  and  solve  with  re- 
spect to  the   constant  coefficient   of  the  versin    0,  and    we   have 

6  B2pd,        df 

A      '  ~    2  • 

Substituting  in  (A),  d?  =  Uk3  versin  0,  or 


d  =  dx   Vi  versin  0'  =  -j-kt.   V  versin  0' ((?.) 

From  Eq.  (C),  we  see  that  the  depth  of  the  ring  at  the  small  end 
is  equal  to  zero,  as  we  should  expect. 

In  the  foregoing  deduction  it  was  assumed  that  the  neutral  sur- 
face of  the  compressed  ring,  which  we  will  call  its  second  state,  was 
cylindrical,  and,  on  the  basis  of  this  assumption,  there  was  intro- 
duced into  the  equation,  involving  the  depth  of  the  ring,  the  con- 
dition that  that  form  of  the  neutral  surface  should  have  been 
derived  from  an  initial  cylindrical  form.  This  is  not  exactly 
what  is  desired,  because  it  is  impracticable  to  make  the  neutral 
surface  cylindrical,  but  it  seemed  to  be  the  only  simple  method 
of  securing,  though  approximately,  the  desired  conditions,  and  the 
error  of  assuming  that  surface,  cylindrical  in  its  second  state,  is 
almost  completely  offset  by  failing  to  make  it  so  in  its  first  state, 
as  may  be  seen  from  looking  at  the  matter  in  the  following  light. 
If  the  neutral  surface  be  cylindrical  to  begin  with,  it  will  have  to 
be  cylindrical  afterward  to  produce  the  desired  normal  reaction, 
which  will  not  be  the  case,  as  the  outer  surface  of  the  ring  will  be 
constrained  to  conform  to  the  rigid  surface  of  the  cylinder,  whereby 
the  thinner  parts  of  the  ring  will  not  be  bent  enough  to  cause  the 
neutral  surface  to  deviate  as  much  from  its  original  form  as  it 
ought  to. 

While,  if  the  neutral  surface  be  not  originally  cylindrical,  all 
that  we  need  ask  is  that  its  second  form  shall  be  analogous  to 
its    first    form,  which    is   realized   by  making   the    outer   surface 
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cylindrical ;  for,  then,  if  Rx  is  the  onter  radius  of  the  ring  as  con- 
structed, and  d  the  variable  depth,  the  radius  vector  of  the  neutral 
surface  will  be  Rx  —  ^d,  and,  after  insertion  in  the  cylinder,  its 
radius  vector  will  be  R  —  |d,  d  being  the  same  in  both  cases, 
and,  subtracting  the  second  from  the  first,  we  have  (Rx  —  ^d)  —  (R 
—  \d)  =  Rx  —  R,  which  is  a  constant  quantity  ;  therefore,  every 
point  of  the  neutral  surface  has  been  made  to  approach  the  central 
point  by  the  same  distance  Rx  —  R  by  putting  the  ring  inside  the 
cylinder. 

Let  us  now  find  the  relation  between  the  radius  of  the  cylinder 
and  the  radius  of  the  outer  surface  of  the  ring,  which  is  to  fit  into 
it,  for  a  maximum  safe  unit  strain  of/i. 

Let  A  B,  Fig.  114,  be  a  portion  of  a  rectangular  ring,  whose 
depth  dx  =  the  maximum  depth  of  the  given  ring;  and  let  it  be 
compressed  just  as  the  given  ring  is,  inside  the  cylinder,  thereby 
subtending  an  angle  a  at  the  center,  with  an  outer  radius  R  =  the 
radius  of  the  cylinder.  Let  Rx  =  the  outer 
J|  radius  of  the  ring  after  the  strain  is  re- 
moved and  ax  =  the  angle  at  the  center. 
Zet  I  =  the  expansion  or  contraction  per 
N\   /  unit  of  length  due  to/l5  which  occurs  in  the 

Fig.  114  extreme  fibers  on  either  side  of  the  neutral 

axis,  that  is,  at  a  distance  R  or  R  —  dx  from  the  center  of  the  ring. 
Xow,  in  compression,  the  length  of  the  outer  surface  of  A  B  =  R  a 
and  the  length  of  the  inner  surface  =  (R       dx)  a. 

When  unstrained,  the  length  of  the  outer  surface  =  Rt  otx  and 
of  the  inner  =  (Rx  —  dx)  ax.  Now,  the  difference  of  the  two 
lengths  of  the  outer  surface  is  equal  to  its  contraction  =  (R  a)  I 
.  *.  R  a  —  Rx  ax  =  R  a  Z,  or  Rx  at  --  R  a  (1  —  I)  (5),  and  the  dif- 
ference of  the  two  lengths  of  the  inner  surface  equals  its  expansion 
=  (R  —  di)  a  I, 

.'.   (Rx  -  dx)  a,  -  (R  -  dx)  a  =  (R  -  dx)  a  l> 
or  « 

(Rx  -  dt)  ax  =  (R-  dx)  «(l  +  l),        ....      (6.) 

Dividing  (5)  by  (6)  we  have 

Rx  R(l  -I) 

Rx  -  di  ~  (R  -  dx)  (1  +  0 

.-.    /.',  R-Rx  di  +  lft  R-l  Rx  d^RJt-R  dx-l  Rx  R  +  l  R  <\ 
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.-.  UBtB  -Bxdt-l  Bx  dx  =  lB dx  -  B  dx 

.    p  _      Bdx{l-l) 
"      1~d1(l  +  l)-2lB y'-} 

But  I  is  so  small  compared  with  1  that  it  may  be  neglected   in 
that  connection,  giving 

Jlx  = 


or 


B 


d1-2lR 
B 


1  ~  1  -  2  I  12 (D.) 


Now, 


Bdx  p  _  Bd1-Bd1  +  2lBi  _        2  I  IP 

***      U       dx-2lB  dx-2lR     ~  ~  dx-2lR 


%-*  =  -§-        - (&) 

— ^-   -  1 

2  IB 


Equation  {E)  gives  the  amount  by  which  the  radius  of  the  ring 

f 

should  exceed  that  of  the  cylinder,  where  I  =~,E  being  the  mod- 
ulus of  elasticity  for  the  material  of  the  ring. 

In  order  to  obtain  more  definite  results  it  will  now  be  necessary 
to  assume  specific  values  for  p  and  fx.  Guided  by  previous  trial, 
in  the  aim  to  secure  simplicity,  let  us  make  j9  =  ^  lb.  =  pressure 
of  the  ring  on  the  cylinder  per  square  inch  of  area. 

Let  safe  working  strain  of  cast-iron  per  sq.  inch  of  cross  section 
==  3500  lbs.  —  f\.  This  is,  of  course,  for  tension,  that  being  the 
strain    to   which    cast-iron    more   easily   succumbs.      E  is   about 

f  3  500  1 

14  200  000  lbs.  and  I  =■£  =  j^QOOO  =  aboDtT5So- 


From  Sq.  (B)  d,  =  2  R  j/^^^  ^  R  =  ^  ^ 


(8.) 
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2  i 

From  Eq.  (C)  d    =  -^  R  fy  Yersill  &  =™  D  fy  versin  0 


63 


"       "     (D)R1  =  R 


1 


5,-1      =*      * 


1-2JR  1  -  50      "l-i 

rft  4050 


A  =  |5  -«  =  1-013  22, 


(9.) 


R1-R  =  ±-R  =  .013  i?, 
80 


(10.) 


The  value  of  £  ^  =  ^  R  would 
seem  to  justify,  at  least  for  practical 
purposes,  the  assumption  that  (R  — 
i  dj)  =  R.      See  page  441. 

Let  us  now  endeavor  to  deduce  the 
dimensions  of  an  eccentric  ring,  whose 
radial  depth  shall  approximate  to  the 
theoretical  depth  d,  as  above. 

Let  A  C  B  (Fig.  115)  be  the  theo- 
retical ring,  in  a  natural,  unstrained 
state,  with  an  external  radius,  therefore,  equal  to  Rt.  If  the  ends 
of  the  ring  just  touch  when  the  ring  is  in  the  cylinder,  their  distance 
apart  now  is  =  1  n  Rx  —  2  tt  R  =  2  n  {Rx  —  R),  and  one-half 
the  angle  subtended  at  the  center  by  this  arc  =  ^  x  2  n  {Rx  — 


R) 


R1  =  n  ^ 


#) 


Ri 


=  «?  =  .0123  n. 

OX 


Xow,  if  8'  =  the  angle 


subtended  by  the  arc,  A  C,  to  the  radius  R  and  8"  =  the  angle 
subtended  by  the  same  arc  to  the  radius  Ru  we  have  R  8'  =  A  C 
R  n,      80  „.  rt  n        n       ...       n 


=  Rx  8",  or  8"  =  9  8'  =  gr  ff .      From  figure  0, 


Ri 


81 


81 


+  8"  = 


81 


Of)  "1 


8a  =  .0123  in  x  80  8\ (11.) 


ECCENTRICITY   OF   PISTON   PACKING   RINGS.  447 

Let  dx  =  the  greatest  and  d%  the  least  radial  thickness  of  the  cor- 
responding eccentric  ring.     Let  t  =  the  distance  between  the  centers 

of  its  inner  and  outer  surfaces  =  — — -.     Then,  if  d  =  the  vari- 

able  radial  depth  and  6a  its  angular  distance  from  the  point  of  least 
depth  d-2,  we  know  from  a  trigonometrical  deduction  that 


d  =fi  -  t  cos  Sa  -  Vf2  -  sin2  Baxf, 

where  i?  =  larger  and  r  =  smaller  radius  of  the  ring.  But  R  = 
r  +  t  +  d.2,  and  I2  sin2  6a  is  very  small  compared  with  r2  .*.  d  =  r 
-\-  t  +  c?2  —  t  cos  Ba  —  r,  or 

d  =  di  +  t  (1  —  cos  t)a)  =  c?2  +■  t  versin  0a, 
or 

d  =  d2  + 

In  Eq.  (C),  for  convenience  in  subsequent  comparison,  make  dt 
=  1.26,  and  from  the  resulting  Eq.  d  —  y"  versin  6 ',  let  us  calcu- 
late the  values  of  d  for  d'  =  0°,  30°,  60°,  90°,  120°,  150°,  and  180°. 

Tn  Eq.  (jF),  also,  make  dx  —  1.26.     Let  d.2  =  \  dx.     Then 


t  =  ^_^  =  h \  =  .315  ; 
A  4 

.-.    d  =  .63  +  .315  versin  6a  =  .315  (3  -  cos  0a), 

and  from  this  equation  let  us  calculate  values  of  d  for  values  of  6a 
corresponding  to  6'  =  0°,  30°,  60°,  etc.,  these  values  being  derived 
from  Eq.  (11).     The  following  is  a  comparison  of  the  results : 


Angle  9' 

THEORETICAL. 

Depth. 
0 

Depth. 
.030 

ECCENTRIC. 

Angle  6a 
2  13' 

30= 

.512 

.672 

31=52' 

60° 

.794 

.788 

61°30' 

90° 

1.000 

.945 

91  or 

120" 

1.145 

1.103 

120°45' 

150° 

1.231 

1.218 

150° 22' 

I80t° 

1.260 

1.260 

180=00' 
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In  Eq.  (F)  let  us  make  d^  =  1.40  d.2  =  .56,  whence 


and  we  have 


1.40  -  .56  _.84  _ 
t-         2  T.-^ 

d  =  .56  +  .42  versin  0a. 


Instituting  a  comparison  between  values  of  d,  calculated  from 
this  equation,  and  theoretical  depths  : 

Theoretical I        0  1  .512  I  .794  1  1.000  I  1.145  1  1.231  I  1.260 

Eccentric |  .560  |  .616  I  .770  |     .980  |  1.190  |  1.344  |  1.400 

These  two  eccentric  rings  appear  to  be  as  close  approximations 
to  the  theoretical  ring  as  can  be  secured  with  a  single  interior 
circle.  Which  would  be  the  more  desirable,  practically,  is  a  diffi- 
cult matter  to  decide  by  surmise  alone.  If,  after  turning  out  the 
first  eccentric  ring,  the  surplus  metal  in  30°  of  the  ring  on  each 
of  the  ends  could  be  removed,  so  as  to  leave  a  gradual  taper,  this 
ring  would  seem  to  leave  little  to  be  desired. 

The  practical  rule  would  ,then  be  to  calculate  by  the  proper  for- 
mula the  value  of  the  maximum  depth,  that  is,  -^  diameter  of  the 
cylinder.  Take  one-half  this  for  the  least  depth  of  the  ring  and 
one-fourth  for  the  distance  between  the  centers.  The  outer  radius 
is  Rx  —  Itj  radius  cylinder,  and  the  inner  radius  is  r  =  Rt  —  t  —  d%  — 

Rx  -  f  maximum-depth  =  %%  R -%£=»%  R  -  m  R  =  ffo  R 

=  i§R;  Ri  =  1.01R;  r  =  .98  R;  t  =  .10  R. 

The  distance  between  the  ends  of  the  ring,  if  they  are  to  touch 
in  the  cylinder,  measured  along  the  surface  of  the  ring,  whether  the 
ends  are  cut  off  squarely  or  diagonally,  =  2  7t  R1  —  2  n  R=2rc 

{R,-  R)  =  ^^  =  ij  tt  R  =  m  R. 

Example  :  For  a  36"  cylinder, 

R  =  18"  ;  I)  =  36". 

Greatest   depth   of   ring  =     ^  D  =    0.72". 
Least  "        "       "    =hl2       =    0.36". 

Greater  radius  of  the  "     =  1.01  R  =  18.23". 
Lesser        «      "    "     "    =  0.9S  R  ==  17.69". 
Distance  between  centers  =  J.72       =    0.18". 
"  "      ends  of 

the  ring  uncompressed  =  0.08  R  =    1.44". 
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DISCUSSION. 

Mr.  Ezra  Fawcett. — I  do  not  know  that  I  can~add  anything 
to  the  able  paper  of  Mr.  Rutherford,  except  to  corroborate  its 
conclusions  to  a  certain  extent  by  observation  and  practice. 

I  claim  that  a  piston  packing  ring,  which  is  divided  at  one 
point  only,  should  be  of  a  decreasing  section,  from  a  point  oppo- 
site the  cut,  in  order  to  obtain  a  uniform  pressure  and  contact  of 
ring  by  its  own  elasticity  against  the  cylinder.  In  practice  in 
springing  in  a  piston  packing  ring  of  uniform  section  and  say 
£"  larger  than  the  bore,  for  a  10  "  cylinder,  we  find  that  it  bears 
much  harder  on  the  extreme  points  at  the  cut,  and  is  not  in  con- 
tact with  the  cylinder  back  of  the  point,  owing  to  its  uniform 
thickness  and  stiffness  at  that  point  and  its  larger  circumference, 
relative  to  the  cylinder. 

By  decreasing  the  thickness  of  these  points  in  an  eccentric 
form,  we  come  nearer  to  a  uniform  pressure  of  the  ring ;  also  in 
springing  the  rings  over  the  piston,  into  grooves  turned  to  receive 
tliem  in  what  is  termed  a  solid  head,  we  find  it  much  more  easily 
done. 

As  to  the  proper  proportion  for  thickness  of  ring,  this  depends 
somewhat  on  its  width  or  longitudinal  section.  For  a  10"  cylin- 
der the  dimensions  should  be  %"  to  -§-"  rectangular  section  at  great- 
est depth  and  j",at  least  depth  of  ring  ;  the  ring  uncompressed 
being  turned  -]-"  larger,  gives  good  results. 

In  my  own  practice,  one  particular  high  speed  engine,  attached 
direct  to  a  large  60  circular  saw  is  making  400  to  600  revolutions 
per  minute,  and  has  been  in  general  use  some  thirteen  years.  It 
is  giving  good  service  yet,  and  its  rings  are  proportioned  accord- 
ing to  a  rule  which  seems  so  nearly  that  of  the  solution  contained 
in  the  paper,  that  it  leaves  little  more  to  be  desired. 

Mr.  C.  T.  Porter. — I  believe  that  a  piston  packing  ring  acting 
by  its  own  elasticity  was  first  employed  by  Mr.  Ramsbottom,  the 
well  known  Superintendent  of  the  London  6z  North  Western  Rail- 
way, some  twenty-five  years  ago.  In  1862  I  was  exhibiting  in  Lon- 
don a  few  American  engineering  novelties.  Mr.  Webb,  then  Mr. 
Ranisbottoni's  assistant  at  Crewe,  was  a  frequent  caller  upon  me, 
and  he  described  to  me  a  number  of  Mr.  Ramsbottom's  inventions. 
One  that  interested  me  very  much  was  this  piston  ring,  which  was 
then  in  the  market  for  sale  in  England.  The  description  of  it 
will  suggest  the  progress  that  has  been  made  in  engineering  prac- 


450  ECCENTRICITY   OF   PISTON   PACKING   EINGS. 

tice  since  that  time.  Mr.  Rainsbottorn's  ring  was  a  parallel  ring, 
equal  in  depth  all  around.  It  was  a  wrought-iron  ring,  and  the 
form  of  it  was  derived  by  a  very  peculiar  process.  A  ring  was 
bored  and  turned  of  the  exact  diameter  of  the  cylinder.  This  was 
cut  on  one  side  and  laid  on  a  table,  around  which  were  placed  a 
number  of  pulleys  equidistant  from  each  other.  Over  these  pul- 
leys cords  were  passed,  and  weights  were  attached  to  them,  and 
this  circular  ring  was  expanded  equally  in  all  directions  by  the 
pull  of  these  equal  weights.  The  ring  was  thus  drawn  out  into  a 
curve  of  no  mathematical  character  whatever.  That  curve  was 
traced,  and  the  rings  were  rolled  to  that  curve.  They  were  not 
circles,  but  when  compressed  to  the  original  diameter  they  would 
be  circles. 

I  used  the  Eamsbottom  rings  made  in  that  way  for  some 
time  in  England,  but  with  poor  results.  They  wore  very  un- 
equally. They  would  sometimes  wear  quite  in  two  at  points  per- 
haps two  to  four  inches  from  each  end.  So  I  ceased  to  use  them, 
and  employed  cast-iron  rings,  sprung  into  grooves  in  the  piston 
after  Mr.  Rainsbottorn's  method,  and  which  I  always  bored 
eccentric.  The  eccentricity  was  rather  moderate ;  perhaps  the 
thin  side  where  the  ring  was  cut  was  half  the  depth  of  the 
opposite  side.  These  rings  always  wore  well  in  my  practice. 
They  were  found  to  bear  on  every  point  of  the  surface.  But 
the  precise  degree  of  eccentricity  required  to  give  uniform  radial 
expansion,  equal  in  all  directions,  and  so  theoretically  correct,  I 
have  never  known  how  to  arrive  at.  The  solution  given  in  this 
paper  is  of  great  interest  to  me,  and  I  presume  will  be  to  all 
members  of  the  profession, 

Jlr.  John  E.  Street. — To  one  who  cannot  form'the  least  concep- 
tion as  to  what  it  all  means,  Mr.  Rutherford's  paper  seems  to 
present  a  wonderful  array  of  figures  to  demonstrate  what  it  would 
seem  ought  to  be  arrived  at  about  as  accurately  by  a  simple  proc- 
ess of  reasoning  without  any  figures  whatever. 

If  it  is  true  that  a  bar  having  a  straight  lower  edge,  parallel 
in  thickness,  with  its  upper  edge  formed  to  a  true  parabolic  curve, 
will,  if  uniformly  loaded,  deflect  to  a  true  circular  curve  ;  then  one 
would  suppose  if  such  a  bar  were  bent  into  a  true  circle  and 
crowded  into  a  cylinder  somewhat  smaller  than  itself,  it  would 
press  against  the  surface  all  around  with  a  uniform  pressure. 

As  an  eccentric  ring,  if  cut  through  its  thinnest  part  and 
straightened  out,  would  not  make  a  bar  of  the  above  form,  it 
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cannot  be  theoretically  correct,  but  as  it  more  nearly  approaches 
that  form  than  a  parallel  bar,  it  is  so  much  nearer  correct. 

Were  we  to  make  the  packing  rings  to  the  true  theoretical 
form,  they  would  possess  a  feature  that  would  render  them 
worthless  in  practice.  The  ends  would  be  so  thin  and  have  so 
little  bearing  in  the  groove  in  the  piston,  that  they  would  soon 
wear  loose,  and  by  further  use  wear  off  the  outer  corner  of  the 
piston  and  the  inner  corner  of  themselves  and  wedge  in,  ending 
in  a  smash-up. 

In  this  connection  it  may  be  pertinent  to  consider  the  two  lead- 
ing difficulties  with  the  "  sprung  in  "  rings,  neither  of  which  come 
from  any  constructive  difficulties.  If  made  weak  and  just  large 
enough,  or  with  sufficient  tension  so  as  not  to  leak,  a  little  gummy 
oil  or  worn  off  metal  will  stick  them  in  the  groove.  When  this 
happens  their  usefulness  is  entirely  destroyed,  or  if  given  consid- 
erable tension  to  overcome  the  sticking,  they  wear  unduly  fast  and 
are  liable  to  cut.  Probably  the  best  which  can  be  done,  is  to 
make  the  rings  much  stronger,  and  give  the  least  pressure  against 
the  cylinder  that  will  answer,  by  turning  them  only  slightly  larger 
than  the  cylinder.  By  so  doing  the  tendency  to  wear  is  no  greater, 
while  the  power  to  free  themselves  from  striking  in  the  groove  is 
much  greater. 

I  should  adopt  very  different  proportions  from  those  given  in 
the  paper,  making  the  ring  in  its  thickest  part  not  less  than  l-20th 
the  diameter  of  the  piston  (at  least  for  small  pistons),  and  not 
turn  them  more  than  l-80th  or  l-100th  larger  than  the  cylinder. 

The  width  of  the  ring  in  proportion  to  its  thickness  has  a  great 
bearing  on  the  subject,  the  narrower  being  the  more  likely  to  stick 
and  the  wider  the  more  likely  to  wear  loose ;  and  also,  the  quality 
of  cylinder  oil  has  as  much  to  do  about  the  success  or  failure  of 
the  job  as  any  other  one  thing,  for  poor  oil  will  upset  all  theory, 
and  the  largest  part  of  good  practice. 

In  our  practice  we  use  the  "  sprung  in  "  rings  entirely,  as  we 
only  build  small  engines,  and  for  10-inch  cylinder  the  rings  are  \ 
inch  square  at  the  thickest  and  f^  or  %  x  k  inch  at  the  thinnest 
and  turned  only  about  £  inch  larger  than  the  cylinder,  though  just 
what  they  are  after  being  sprung  on  the  piston  cannot  always  be 
told,  for  unless  of  strong  iron  they  take  permanent  set.  It  is  our 
practice  to  cut  out  about  £  of  the  thin  part  of  the  ring,  which 
makes  it  a  little  nearer  the  true  theoretical  form.  The  thick  part 
of  the  ring  is  always  at  the  top  (our  engines  being  all  horizontal) 
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and  the  grooves  between  the  ends  of  the  ring  are  filled  in  solid, 
thus  restoring  the  wearing  surface  to  the  piston  for  a  small  part 
of  its  circumference. 

The  whole  arrangement  is  theoretically  pretty  good,  practically 
probably  as  good  as  any,  but  bad  oil  and  neglect  will  induce  them 
to  cut  and  wear  out,  and  hence  we  are  looking  and  striving  for 
something  better. 

Mr.  Chas.  K  Emery. — I  think  it  is  due  to  the  young  gentlemen 
who  has  prepared  this  paper  to  say  that  in  the  opinion  of  the 
speaker  it  is  a  very  creditable  example  of  analysis  practically 
applied.  The  results  correspond  well  with  the  speaker's  expe- 
rience with  what  are  called  "  Ramsbottom  rings."  Twenty  years 
ago,  in  examining  the  engines  in  one  of  the  largest  flouring  mills 
then  in  operation  in  this  country,  I  found  that  they  had  been 
using  brass  piston  rings  and  were  only  getting  some  600  horse- 
power out  of  the  engines.  By  changing  the  rings  and  putting  in 
cast-iron  ones  of  the  type  under  discussion,  with  the  points  about 
one-half  the  thickness  of  the  backs,  the  engines  developed  over 
900  horse-power  with  less  cqnsumjjtion  of  fuel. 

The  general  results  obtained  by  Mr.  Rutherford  are  evident 
from  the  ordinary  investigation  of  the  transverse  resistance  of 
beams.  With  a  beam  supported  at  one  end  and  loaded  uniformly, 
the  calculated  depth  for  uniform  width  will  result  in  a  parabolic 
curve,  and  as  each  section  is  proportioned  to  the  moment  at  that 
point  the  jingle  due  to  deflection  will  be  the  same  at  each  point. 
It  would  seem  that  the  results  given  in  the  paper  would  be  ob- 
tained directly  by  a  simple  adaptation  of  the  ordinary  discussion 
to  a  polar  equation.  I  have  not  had  time  to  examine  this  matter, 
and  it  may  be  the  formula  would  practically  reduce  to  the  form 
given. 

Prof.  J.  Burkitt  Webb. — As  no  mention  is  made  of  Prof.  Rob- 
inson's paper  at  the  Hartford  meeting,*  it  is  presumable  that  the 
author  has  not  referred  to  it.  It  covers  the  same  ground,  attempt- 
ing also  to  approximate  to  a  correctly  tapered  ring  by  means  of 
circles ;  but  with  regard  to  both  papers  there  is,  in  my  judgment, 
a  grave  criticism  to  make.  In  the  case  of  a  steam-tight  fit 
between  metal  surfaces,  we  have  to  discuss  thousandths,  or,  per- 
haps, ten-thousandths  of  an  inch,  as  affecting  the  lit.  ISTow,  neither 
of  these  papers  tell  us  how  much  the  fit  between  ring  and  cylinder 
will  be  affected  by  the  various  approximations  introduced  into  the 

*  Trans.  A.  S.  M.  E.,  Vol   II...  p.  19. 
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mathematical  analysis.  It  is  safe  to  say  that  the  practical  value 
of  any  theory  involving  approximations  is  very  greatly  reduced,  if 
not  destroyed,  by  the  neglect  to  calculate  and  sufficiently  indicate 
the  effect  of  such  approximations,  so  that  the  theory  may  be  ap- 
plied to  a  practical  case  with  some  definite  assurance  against 
error.  For  example,  in  the  paper  under  discussion,  passing  over 
the  various  approximations  involved  in  the  production  of  the 
formulae,  we  have  tables  of  "  theoretical"  and  "  eccentric  "  depths  of 
rings,  but  there  is  no  attempt  to  show  how  the  considerable  varia- 
tions between  these  depths  will  affect  the  fit  of  the  ring,  causing, 
very  likely,  a  leakage  of  steam.  Prof.  Robinson  advocates  an  in- 
inside  circle  different  from  either  of  those  of  Mr.  Rutherford  ; 
Prof.  Robinson  throws  his  circle  out  of  center  a  distance  =  0.  2 
greatest  depth  of  ring,  while  Mr.  Rutherford  tries  0.3  and  0.4. 
Neither,  however,  proves  that. rings  so  made  will  be  of  practical 
value.  Prof.  Robinson  claims  that  a  drawing  of  the  correct  ring 
shows  that  a  circle  may  be  drawn  so  as  to  approximate  closely  to 
two-thirds  of  the  inside  of  the  riug,  but  how  large  the  drawing  was, 
and  how  carefully  made,  or  how  close  the  approximation  appeared 
is  not  told,  and  the  method  of  calculating  the  exact  size  of  this 
circle  is  simply  to  pass  it  through  three  correct  points — one  op- 
posite the  slit,  and  two  at  90°  therefrom.  Both  of  these  proposed 
simple  methods  of  making  rings  leave  a  large  and  important 
portion  of  the  ring  to  be  finished  by  a  file  or  otherwise,  and  it  is 
this  portion  which  is  most  likely  to  fail  to  make  contact  with  the 
cylinder.  In  our  judgment  the  proper  way  to  discuss  a  ring  formed 
of  eccentric  circles  is  simply  to  call  attention  to  the  fact  that  I'm' 
a  ring  whose  greatest  depth  is  one  inch,  the  proper  inside  diameter 
from  the  slit  across  is  nearly  .6  inch  longer  than  the  inside  diameter 
at  right  angles  thereto,  and  that,  therefore,  a  circle  would  not 
be  suitable  for  the  inside. 

If  it  be  advisable  to  form  piston  rings  to  the  exact  theoretical 
shape  for  a  uniform  pressure  against  the  cylinder,  there  are  ways 
enough  to  accomplish  it ;  they  can  be  milled  out  inside,  or  turned 
out  with  a  tool  fed  in  and  out  by  a  pattern  bolted  to  the  face  plate, 
or  it  is  possible  that  a  good  ring  might  be  made  by  carefully  cast- 
ing the  inside  of  the  proper  shape  and  turning  only  the  outside. 

Prof.  liobinson  refers  also  to  rings  which  are  made  of  uniform 

thickness,  and  says  that  their  ends  close   to  the  split  will  "  bear 

heavily  upon  the  C3linder,  with  a  probable   space  of  no  contact 

for  some  distance  back."     A  short  analysis,  an  example  of  which 

30 
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is  appended,  would  have  warranted  a  positive  instead  of  a  prob- 
able statement  and  it  would  have  been  even  more  satisfactory  if 
the  length  and  opening  of  this  space  had  been  discussed.  We 
have  at  the  Stevens  Institute  an  eight-inch  piston  with  rings  of 
uniform  depth  (we  should  prefer  to  call  it  "thickness,"  and  adhere 
to  "  depth  "  only  to  suit  the  paper  under  discussion).  The  open 
space  is  70°  to  90°  on  each  side  of  the  split,  and  the  calculated 
maximum  opening  is  about  half  a  hundredth  of  an  inch.  In  spring- 
ing the  ring  open  to  get  it  off  and  when  it  is  tightly  clasped  about 
the  outside  of  the  piston,  there  are,  in  the  same  way,  similar  open 
spaces   of   at  least   one    thirty-second   inch    maximum   opening 


These  two  effects  of  the  uniform  depth  are  shown  in  Fig.  158. 
The  greater  opening  in  the  second  case  is  accounted  for  by  the 
fact,  that  in  getting  the  ring  off  it  must  be  sprung  open  by  an 
amount  four  times  greater  than  the  amount  required  to  close  it 
in  to  the  size  of  the  cylinder,  and  that  the  arc  of  contact  opposite 
the  slit  is  much  smaller  than  180=.  This  ring  leaks  badly  aud  the 
extent  circumferentially  of  the  open  crack  is  evident  by  the 
absence  of  wear  on  the  exterior  of  the  ring.  This  ring  was  turned 
to  a  diameter  only  about  a  sixteenth  larger  than  the  cylinder,  aud 
shows  that  some  attention  should  be  paid  to  forming  rings  properly. 
Had  it  been  turned  say  only  a  thousandth  or  two  larger  than  the 
bore,  and  had  its  ends  forced  apart  by  a  spring  acting  at  the  slit, 
it  would  most  likely  have  been  an  excellent  ring,  fitting  the  cylin- 
der quite  as  well  as  any  taper  ring  could  do,  and  having  some 
advantages  which  the  latter  has  not. 


APPROXIMATE  ANALYSIS   OF  FIT   OF    8"   UNIFORMLY-THfCK   RING. 

An  examination  showed  that  the  ring  fitted  for  180°  oppo- 
site  the   slit.     It  remains  then  to  determine  the   width  of   the 
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opening  between  the  rest^of  the  ring  and  the  cylinder.  Suppose 
the  slit  at  A  (Fig.  159);  the  ring  c 
bears  against  the  cylinder  for  a 
short  distance  at  the  slit  with  a 
pressure,  which  we  will  call  P,  but 
which  need  not  be  known.  At  C 
the  ring  is  to  be  supposed  tangent 
to  the  cylinder.  Let  B  be  any  dif- 
ferential element  of  the  ring.  Then 
the  force  P  tends  to  bend  this  ele- 
ment, and  by  virtue  of  the  bending 
of  this  and  the  other  elements  the  Pig.  159. 

ring  is  in  the  position  shown,  instead  of  in  its  natural  (dotted) 
position.     The  moment  of  P  tending  to  bend  B  is 

moment  =  Pp  —  (approx.)  PR  sin  6. 

The  length  of  the  element  being  Rdd,  the  amount  of  the  bending 
will  be  proportional  thereto,  and  the  distance  which  the  end  A 
goes  toward  0  by  virtue  of  this  bending  will  be  still  further  pro- 
portional to  p,  so  that  we  may  write  differential  distance  due  to 
bending  of  differential  element 

=  to  PP3  sin2  6  dd 

(where  m  is  an  undetermined  constant)  and  the  total  distance  due 
to  the  bending  of  all  the  elements  from  A  to  B  will  be, 


Total  distance  =  m  PRS 


sin2  Odd 


=  mPB3(^  -isin2 


Tt 

which  for  6  =  -=  becomes 


=  mPBz-A  =  b, 
4 


(1) 


b  being  the  approximate  radial  distance  which  the  end  A  is  sprung 
in  under  the  action  of  P. 

At  any  other  point,  as  at  B',  we  shall  have  a  distance  sprung 
inward  due  to  all  the  elements  between  B'  and  C.     The  moment 


456 


ECCENTRICITY   OF   PISTON   PACKING   RINGS. 


will  be  as  before  and  also  the  length  of  the  elements,  but  the  lever 
arm  to  which  the  distance  is  proportional  will  now  be 

p'  =  Rsm(0  -d'y 

this  gives  a  differential  distance 

=  m  PR3  sin  8  sin  (0  -  6')  dd 

(where  m  is  the  same  undetermined  constant) 

=  m  PMS  (cos  &  sin2  6  —  sin  6  sin  6'  cos.  6)  dB 

which  makes  the  total  distance, 


Distance  =  m  PRS  cos  6'    sin2  d  dd  -  mPR3  sin  & 

JB'  J 


\B 


=  m  PR3  cos  0'  (|  -  i  sin  2*)  -  m  PR"  sin  &  (EL 


sin  6  cos  6  dd 
b- 


7t 


which  for  6  —  -=  becomes 

_                    /l           n      sin 
eg  =  m  PR\™*  e  1 % 


4rh  /        a,n      sin 


(2) 


Now  for  the  ring  to  fit  the  cylinder  eg  should  correspond  with 
ef,  but  we  can  calculate  ef  geometrically  as  follows  (Fig.  160): 


Of  =R 

O'e  =  R  +  b,  which  approx. 

=  ef  +  R  +  b  sin  6' 
.:  ef  =  b  (1  -  sin  6')  (3) 

We  have  then  by  subtracting  (3)  from  (2) 
Width  of  crack  at  B 


Fig.  160., 


=  fg  —  eg  —  ef  =  I  (sin  ff  +  cos  6'—  1 sin  0'j 


=  h[ sin  0'  +  cos  6'  —  1 

71 


(4) 
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Putting  this  to  a  maximum  we  get 

_  o 

sin  6'  —  cos  6'  from  which 

7t 

cos  &  —  .  94  and  sin  &  =  .34  (5) 

or  6'  =  somewhere  near  20°. 
These  values  give  in  (4) 

max.  width  of  crack  =  b  (.36  +  .34  +  .94  -  1)  =  A-. 

By  measurement  b  =  .08  inches     .". 
max.  opening  =  .005  inches. 

An  examination  of  the  approximation  made  in  arriving  at  this 
result  shows  that  it  can  be  depended  upon  with  .001  of  an  inch 
if  the  ring  is  truly  circular  and  homogeneous  to  start  with  ;  and 
a  rough  circulation  based  on  the  measured  one-thirty-second  of 
an  inch  and  the  greater  amount  of  spring  required  to  get  the  ring 
over  the  piston  alluded  to  in  connection  with  Fig.  158  shows  that 
this  result  is  about  right. 
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CCXLVII. 

THE    EDUCATION    OF    INTUITION    IN   MACHINE 
DESIGNING. 

BY  JOHN  T.  HAWKINS,  TAUNTON,  MASS. 

(Member  of  the  Society.) 

It  may,  perhaps,  at  first  thought,  seem  apochryphal  to  say  that  a 
boy's  intuitive  mechanical  perceptions  or  tendencies  may  be  edu- 
cated ;  but  a  closer  look  at  such  a  proposition,  will,  I  think,  open 
up  to  our  view  an  important  channel  through  which  the  technical 
education  of  our  boys  may  be  modified  to  a  considerable  extent, 
and  to  their  great  advantage  as  practical  men  when  they  begin  to 
assume  the  responsibilities  of  that  part  of  their  profession  involving 
machine  construction. 

.One  of  the  greatest  difficulties  in  ordinary  machine  construction 
(and  particularly  complicated  machines  containing  a  comparatively 
large  number  of  parts,  many  of  them  of  insignificant  dimensions.) 
is  the  proper  designing  of  the  various  parts,  so  as  to  fit  them  best 
for  the  service  which  they  have  to  perform,  without  resorting,  to  any 
considerable  extent,  to  the  mathematics  for  their  solution.  In  a  large 
proportion  of  such  cases,  the  matters  of  strength  and  wearing 
and  other  qualities  are  important  questions  of  consideration;  and 
others,  such  as  form,  outline,  and  general  appearance  presented  to 
the  eye  ;  accessibility  for  manipulation  in  the  machine,  their  con- 
gruity  with  other  members  of  the  same  machine ;  the  most  acceptable 
manner  in  which  a  given  piece  may  be  made  to  depart  from  what 
would  otherwise  be  its  most  desirable  form,  in  order  to  escape  con- 
tact with  some  other  member ;  the  facility  with  which  it  may  be 
put  in  its  place  in  assembling  the  machine,  or  another  substituted 
for  it  with  least  disturbance  of  the  other  parts,  in  case  it  should  re- 
quire to  be  replaced  ;  the  questions  of  cost  of  its  construction,  and 
in  connection  therewith  the  modifications  of  it  permissible  as  con- 
ducing to  cheapening  of  the  methods  of  its  production  ;  what  tools 
are  available  to  be  used  for  its  production ;  and  a  thousand  and  one 
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such  questions  as  these  depend  largely  for  their  solution  upon  what 
may  be  called  the  intuitive  capacity  of  the  engineer  engaged  in  ma- 
chine construction  ;  and,  in  a  large  proportion  of  such,  mathemati- 
cal investigation  can  only  be  resorted  to,  if  at  all,  in  a  most  unprof- 
itable way.  The  engineer  is  met  at  every  turn  with  questions  of 
this  kind,  which  cannot  profitably  be  subjected  to  the  ordeal  of 
figures,  but  which  are  no  less  important  in  a  vast  variety  of  me- 
chanical constructions  than  those  problems  which  more  decidedly 
depend,  for  their  successful  solution,  upon  analytical  processes. 

There  are  also  many  questions  of  proportion  which  involve 
strength  and  wearing  and  other  qualities  which  are  so  complicated  in 
the  kind  of  stresses  to  which  the  parts  maybe  subjected;  and  the  direc- 
tions of  application  of  those  stresses  are  so  involved  with  other  con- 
siderations, such  as  some  of  those  pointed  out  above,  that  analytical 
methods  must  fail,  if  applied  to  them,  and  in  which  the  intuition  of 
the  engineer  must  almost  entirely  constitute  the  solvent.  I  take  it 
that  the  faculty  in  man  which  may  perhaps  be  properly  defined  as 
mechanical  intuition  is  as  much  dependent  upon  education  for  its 
full  development  as  a  natural  tendency  to  be  musical,  or  an  innate 
talent  for  paiuting,  or  any  of  the  fine  arts.  It  is  well  understood 
that,  no  matter  how  great  a  prodigy  a  boy  may  show  himself  to  be 
in  either  of  the  directions  last  mentioned,  the  cultivation  of  his  par- 
ticular tendency  is  indispensable  to  any  marked  success  in  the  ap- 
plication of  it ;  and  it  is  doubtless  true  that  a  natural  mechanic  may 
be  developed  by  cultivation  to  as  great  an  extent  as  a  natural  mu- 
sician, or  artist,  or  orator ;  and  that,  without  development,  either 
of  them  must  necessarily  be  deficient. 

Of  course,  it  is  admitted  that  the  particular  kind  of  training 
which  will  best  develop  this  faculty  in  a  boy  is  to  be  had  in  the 
practical  application  of  his  knowledge  and  talents  after  leaving  col- 
lege ;  but  I  believe  that  a  very  considerable  preparatory  course  in 
this  direction  may  be  followed  in  the  schools,  such  that  a  young 
graduate  of  a  technical  school  shall  not — as  is  now  very  largely  the 
case — upon  entering  upon  the  practical  duties  of  a  mechanical  engi- 
neer in  some  manufacturing:  establishment, — find  himself  to  so  great 
an  extent  unable  to  apply  and  make  useful  to  himself  and  to  his  em- 
ployer that  which  he  has  worked  so  hard  to  attain  while  at  school. 

One  of  the  greatest  difficulties  attending  the  debut  of  a  new]  v- 
fledged  technical  graduate  in  the  practice  of  his  profession  as  applied 
to  machine  designing  is  that  he  commences  with  a  very  decided 
tendency  to  carry  out  the  exact  methods  which  he  lias  been  pursuing 
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at  school ;  and  the  fact  that  employing  manufacturers  immediately 
find  that  these  methods  have  to  be  so  extensively  reversed  or  sub- 
dued, if  the  young  aspirant  is  to  spend  his  time  in  a  profitable 
manner,  is  a  good  indication  that  the  education  of  what  has  been 
quite  forcibly  denominated  the  boy's  "  horse  sense"  by  Mr.  Dodge,* 
has  been  sacrificed  during  his  college  course,  and  that  so  much 
prominence  has  been  given  to  what  may  be  termed  the  metaphysics 
of  engineering  as  to  leave  him  very  largely  an  impracticable.  It 
is  within  my  experience  to  find  a  young  man  who  had  graduated 
with  high  honors  from  one  of  our  best  colleges,  upon  first  attempt- 
ing to  use  the  knowledge  there  acquired  in  machine  design  and 
construction,  becoming  completely  lost  in  an  effort  to  apply  a 
comparatively  high  order  of  analysis  to  the  designing  of  some  part 
of  a  machine  which  could,  in  no  profitable  manner  at  least,  be  ar- 
rived at  in  any  such  way  ;  and,  not  having  had  much  previous  train- 
ing of  that  faculty  which  would  enable  him  to  design  such  parts 
properly  and  well,  without  resorting  to  a  more  or  less  elaborate  ap- 
plication of  mathematics,  the  result  was  anything  but  satisfactory. 

In  this  way,  we  find  that  our  young  men  are  very  much  behind 
where  they  ought  to  be  upon  leaving  school,  in  the  particular  direc- 
tion of  machine  design  and  construction,  and  that  they  have,  upon 
entering  practical  life,  only  begun  another  course  of  training  as 
distinct  from  that  which  they  have  followed  at  college  as  can  well 
be  imagined.  They  are  disappointed,  armed  and  equipped  as  they 
feel  themselves  to  be  with  what  they  suppose  is  all  that  is  necessary 
to  enable  them  to  start  out  as  designers  and  constructors  of  ma- 
chines, to  find  that,  in  perhaps  the  very  first  task  set  for  them,  they 
are  all  at  sea;  and  it  is  certain,  in  the  writer's  mind,  that,  if  some 
system  could  be  instituted  in  our  technical  schools  looking  to  the 
greater  education  and  development  of  mechanical  intuition  in  a 
boy,  schooling  his  eye  to  recognize  good  proportion  and  proper 
strength  of  material  and  the  direction  of  application  of  the  same, 
and  stimulating  and  exercising  his  inventive  faculty  in  such  a  way 
as  to  make  him  fertile  in  the  resources  which  are  so  constantly  de- 
manded of  the  constructing  engineer  in  machine  designing,  such 
an  addition  to  the  technical  curriculum  could  be  profitably  made, 
even  at  the  expense  of  some  of  the  more  analytical  knowledge  with 
which  his  mind  is  now  more  exclusively  stored. 

I  am  not  of  those  who  are  inclined  to  belittle  the  importance  of 
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the  higher  mathematics  in  their  proper  place  ;  but  I  do  believe 
that  the  tendency  in  our  schools  is  to  impress  the  students  with  the 
idea,  in  too  great  a  degree,  that  machine  construction  is  dependent 
upon  the  application  of  mathematical  analysis,  and  very  much  be- 
yond what,  in  practice,  there  is  any  necessity  for ;  and  I  believe 
that  one  of  the  most  important  things  which  could  be  instilled  into 
their  minds  to-day  would  be  the  fact  that,  in  designing  any  im- 
portant machine  (while  in  many  ways  the  application  of  mathe- 
matical processes  is  indispensable  to  success)  it  is  essential  to  know 
when  and  where  not  to  attempt  to  apply  these  methods,  and  to  be 
able  to  design,  arrange,  construct,  and  create  in  the  proper  places 
without  them.  Of  course,  it  may  be  said,  strictly,  that  there  can  be 
no  piece  of  machine  construction  which  cannot  be  subjected  to,  and 
its  dimensions  and  other  characteristics  decided  by,  strictly  analyt- 
ical methods  ;  but,  in  a  very  large  proportion,  such  a  course  is  eco- 
nomically out  of  the  question,  and  they  must  be  looked  and  thought 
out  practically  by  the  engineer's  intuition — that  is,  his  capacity  to 
judge,  unaided  by  abstruse  computations,  as  to  their  best  propor- 
tion and  form,  the  material  of  which  it  is  best  to  construct  them, 
and  many  other  considerations,  such  as  indicated  above,  which  are 
generally  to  be  given  their  proper  weight  in  the  final  designs. 

One  of  the  principal  factors  in  this  educational  problem  is  econ- 
omy. If  it  be  accepted  that,  as  above  admitted,  every  conceivable 
problem  of  machine  construction  may  be  solved  mathematically,  in 
a  vast  majority  of  cases  it  would  be  the  sheerest  waste  of  time  and 
money  to  attempt  it ;  and,  in  this  age  of  close  competition  and  struggle 
for  cheapening  of  every  production,  it  is  one  of  the  very  first  con- 
siderations that  a  designer  does  not  waste  his  time  over  analytical 
computations  where  his  object  may  be  attained  in  a  more  direct 
and  simple  manner;  and  perhaps  there  is  no  aspect  of  the  question 
which  applies  itself  more  forcibly  to  the  manufacturer  or  manager 
than  that  the  tendency  with  our  technical  graduates  upon  entering 
upon  the  practice  of  their  profession  is  to  be  too  expensive,  one  of 
them  rarely  being  able  to  compete  in  this  respect  with  a  young 
man  who  has  had  his  mechanical  aptitude  or  intuitions  more 
thoroughly  trained,  though  not  in  the  possession  of  a  tithe  of  the 
higher  education  with  which  the  college  student  has  been  favored. 

It  may  be  contended  that  the  manual-training  branches  of  such 
schools  are  intended  and  should  be  sufficient  for  the  development 
of  this  mechanical  faculty, .but  I  think  not — at  least,  as  they  are 
now  conducted  ;  nor  do  I  think  it  would  be  possible  to  combine  the 
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two  in  any  desirable  way.  These  are  excellent  for  the  training  of 
the  hand  or  the  imparting  to  the  student  of  "linger  wisdom,"  as 
Mr.  Partridge*  has  it ;  but  very  little  in  the  way  of  deciding  propor- 
tion, form,  strength,  and  adaptation  of  parts  of  a  machine  can  be 
gotten  in  the  workshop.  It  is  in  the  mechanical  laboratory  and  the 
drafting-room  where  the  mechanical  intuitions  of  the  designer  can 
best  be  educated  and  developed. 

I  do  not  know  that  I  am  prepared  to  formulate  any  system  of 
training  which  shall  better  tend  to  the  education  and  development 
of  this  mechanical  intuition,  in  the  technical  schools.  There  are, 
however,  I  imagine,  many  ways  which  will  commend  themselves 
to  the  instructors,  in  which  something  of  this  kind  could  be  more 
extensively  followed  out:  as,  for  instance,  in  all  such  schools  there 
are  more  or  less  machines  of  various  kinds  in  the  laboratories,  kept 
there  for  experimental  or  other  purposes.  From  some  machine  of 
this  kind,  for  example,  there  might  be  removed  a  single  member; 
the  machine  turned  over  to  the  student,  with  the  problem  given 
to  make  a  sketch  or  drawing  of  this  member  strictly  by  the  intui- 
tive promptings  of  his  brain,  and  without  any  computation  of  its 
required  dimensions  or  form.  Then  it  might  be  compared  with 
the  removed  member;  or,  if  advisable,  let  him,  after  designing  it, 
verify  or  disprove  the  correctness  of  his  design  by  computations  to 
any  extent  or  deipth  necessary.  Again,  a  member  of  a  machine 
may  have  a  specific  form  given  to  it  principally  for  reasons  entirely 
independent  of  its  proportion  and  strength.  In  such  a  case,  tender 
the  problem  of  designing  a  substitute  for  it  as  dissimilar  in  form  as 
possible,  to  be  equally  well  fitted  to  perform  its  functions,  and 
without  resorting  to  mathematical  computation  ;  or  perhaps  copies 
or  blue-prints  of  working  drawings  could  be  gotten  from  machine 
manufacturers,  and,  in  the  same  way,  the  student  be  given  a  piece 
to  design  which  he  has  not  seen,  such  as  will  be  fitted  to  go  with 
the  rest,  which  he  may  see  and  consult.  Let  him  see,  in  this  way, 
how  near  he  can  come  to  what  has  already  proved  to  be  good  in 
practice  ;  and,  if  necessary,  thereafter  criticise  both  his  own  and  the 
manufacturer's  work  by  the  most  crucial  methods  of  which  he  is  capa- 
ble. Some  part  of  such  a  machine  might  be  pointed  out  to  which  was 
given  a  specific  form  for  reasons  of  accessibility  or  facility  of  ex- 
change, and  the  student  might  be  required  to  contrive  some  other 
means  of  achieving  the  particular  end  to  be  attained.     Almost  any 
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part  of  a  given  machine  may  be  produced  in  a  great  many  ways, 
each  resulting  in  a  different  cost  of  the  piece  produced.  In  such 
a  case  let  the  student  devise  and  indicate  the  proper  methods  to 
be  pursued  to  produce  it  at  the  least  cost,  modifying  his  design  to 
conform  to  this  consideration.  Very  many  such  problems  as  these 
might  be  instituted  by  the  instructors,  which  would  constitute  a 
very  excellent  training  of  the  mechanical  instinct  in  the  student, 
and  his  inventive  faculty  be  exercised  and  developed. 

One  difficulty  which  might  be  mentioned  in  the  application  of 
this  intuitive  or  instinctive  method  so  largely  indispensable  in  ma- 
chine designing  is,  that  working  drawings  made  upon  some  small 
scale  are,  to  the  eye  and  judgment  of  most  men,  very  misleading. 
A  given  detail  of  a  machine  drawn,  for  instance,  one-quarter  size 
will  appear  very  differently  when  laid  out  full  size  ;  and,  in  my 
opinion,  there  is  no  one  feature  which  requires  more  thorough 
training  where  a  designer  is  to  rely  upon  his  unaided  judgment 
than  this,  and  I  believe  that  one  of  the  best  possible  exercises  for 
the  student  looking  to  the  fitting  of  him  for  a  machine  design er 
would  be  to  make  drawings  first  to  some  fractional  scale  and  to 
draw  them  out  afterward  roughly  on  the  black-board  or  on  large 
manilla  sheets,  full  size  ;  designing  the  part  or  parts,  to  all  intents 
and  purposes,  first  upon  a  small  scale,  then  drawing  them  full 
size,  to  enable  him  to  verify  by  his  eye  and  judgment  the  correct- 
ness of  the  smaller  drawing. 

lam  aware  that  to  all  this  some  will  cry,  "  Rule  of  thumb!" 
But  I  believe,  while  I  deprecate  any  such  exclusive  reliance  upon 
it,  as  is  too  often  permitted  and  practiced,  this  same  rule  of  thumb 
may  be  made  a  most  excellent  one,  if  properly  hedged  in,  and  its 
good  points  onl}T  developed  and  applied  in  machine  construction. 
I  believe  that,  in  our  technical  schools,  the  rule  of  thumb  is  too 
persistently  sat  upon,  and  that  it  is  capable  of  being  brought  to  a 
sufficiently  high  standard,  by  proper  systematic  development,  to  be 
of  incalculable  value  to  the  mechanical  engineer. 

The  writer  advances  these  thoughts  more  with  a  view  of  elicit- 
ing discussion  than  of  attempting  to  point  out  how  the  object 
eonght  could  be  best  attained — in  the  profound  belief,  however, 
that  much  which  may  be  known  under  the  terms  mechanical  apti- 
tude, intuition,  instinct,  or  inventive  faculty,  is  now  neglected  in  our 
schools,  while  it  is  what  should  be  educated,  nourished,  and  devel- 
oped to  the  greatest  degree,  in  order  to  turn  out  successful  me- 
chanical engineers. 
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DISCUSSION. 

Mr.  C.  A.  Smith. — While  I  do  not  take  exception  to  anything  said 
in  Mr.  Hawkins'  paper,  I  do  wish  to  say  a  word  or  two  in  defense 
of,  rather  than  to  criticise,  the  student  and  the  technical  schools. 

There  seems  to  be  a  great  deal  of  talk  and  writing,  at  the 
present  day,  about  the  "  practical  inefficiency  "  of  the  technical 
schools,  as  well  as  that  of  the  student  as  he  seeks  an  entrance 
into  the  arena  of  "  practical  mechanics."  I  will  not  deny  that  a 
great  deal  which  is  said  is  true  :  I  will  not  deny  that  many  a 
young  mechanical  engineer,  so  called,  is  frequently  disappointed 
when  he  discovers  that  he  cannot  step  directly  from  the  rostrum 
of  Commencement  Day  into  the  position  of  superintendent  of 
some  prosperous  manufacturing  establishment,  but  must  content 
himself  for  a  while  by  weighing  castings,  or  making  tracings,  etc. 
Nor  will  I  deny  that  these  young  men  have  acquired  their  diplo- 
mas honestly,  and  by  hard  labor — not  eight  or  ten  hours  per  day, 
but  oftener  from  fourteen  to  eighteen  hours.  But  in  all  the  discus- 
sions relating  to  this  subject,  one  immutable  law  of  nature  seems  to 
be  generally  lost  sight  of,  or  to  be  left  out  of  consideration,  and 
that  is  the  fact  that  man  is  limited  in  his  abilities,  and,  conse- 
quently, it  takes  time  to  accomplish  a  certain  result.  The  abilities 
of  individuals  to  acquire  knowledge  vary  very  much,  but  to  expect 
the  most  capable  man,  at  the  age  of  entering  college,  to  acquire  a 
sufficient  amount  of  knowledge  in  a  four  years'  course  of  studies 
to  make  him  a  successful  designer  of  machinery,  or  manager  of  a 
factory,  is  simply  thoughtless  in  the  extreme,  to  say  the  least. 
Let  any  man,  who  is  considered  a  fair  designer,  stop  a  few  min- 
utes and  count  up,  "  on  his  fingers,"  the  number  of  years  required 
for  him  to  acquire  those  qualifications  which  he  now  considers 
essential  in  a  good  designer.  Perhaps  he  can  count  them  on  his 
fingers,  and  perhaps  he  cannot. 

The  fact  is  that  four  years  is  much  too  short  a  time  to  educate 
a  young  man  to  be  a  full-fledged  mechanical  engineer.  Four 
years  may  be  enough  for  the  collegiate  course,  but  the  knowledge 
gained  there  is  not  all  which  is  required.  Perhaps  the  instruction 
received  at  college  is  deficient  in  this  respect,  that  it  leaves  the 
student  under  the  impression  that  all  he  has  to  do,  after  he 
receives  his  diploma,  is  to  walk  out  upon  this  broad  land  and 
take  possession  of  all  he  can  survey  ;  to  tell  the  Fultons,  the 
Stephensons,  the  Watts,  the  Eads,  the  Ericssons,  etc.,  to  step  out 
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of  his  way,  as  he  is  ready  to  show,  them  "  a  thing  or  two."  The 
young  man  should  be  given  to  understand  that  what  he  learns  in 
college  is  not  the  end,  but  only  the  beginning  of  his  studies  in 
mechanical  engineering. 

The  college  can  only  equip  the  student  with  a  good  set  of  tools, 
as  it  were,  with  whicli  he  may  start  in  his  life  work.  After  he 
graduates  he  is  prepared  (or  at  least  he  should  be)  to  go  into 
practical  life  and  learn — not  teach — the  other  requisites  of  a  good 
designer.  Some  of  these  are  :  quite  a  thorough  knowledge  of  the 
machinist's  trade,  foundry  practice,  pattern-making,  blacksmith- 
ing,  etc.,  the  more  of  each  he  can  get  the  more  valuable  he  will 
be  as  a  designer.  The  technical  schools  and  colleges  give 
instruction  in  most  of  these  branches,  but  they  cannot  do  more 
than  give  the  pupil  a  start  in  this  direction — simply  point  out  the 
way  in  his  future  studies,  and  Lthen  bid  him  learn  for  himself. 
The  college  course  is  too  short  to  do  more.  For  a  man  to  be  a 
successful  engineer  and  designer  he  must^have  a  fair  knowledge  of 
the  mathematics  in  all  its  branches,  pure  and  applied, 'including 
mechanics  in  its  various  subdivisions  ;  also  the  natural  sciences  to  a 
certain  extent ;  the  more  he  can  get  out  of  each  the  better.  These 
he  should  get  in  the  college,  as  he  can  get  them  nowhere  else  so 
well.  The  remainder  of  the  requisite  knowledge  he  must  get  in 
the  world  of  competition,  and  it  is  there  where  the  "  mechanical 
intuition  "  must  be  developed. 

The  sciences  and  the  arts  are  the  two  great  schools  in  which  a 
man  must  be  educated  in  order  to  make  him  efficient  in  the  prac- 
tice of  mechanical  engineering.  The  former  he  can  get  best  in 
the  college  and  the  latter  nowhere  so  well  as  in  the  workshop.  If 
he  masters  the  sciences  and  stops  there  he  will  be  a  failure  as  a 
designer,  and  if  he  acquires  the  art  without  the  science  he  will  be 
only  another  failure  of  a  different  kind.  In  either  case  he  may  be 
able  to  copy  designs,  but  he  will  never  originate  any  to  a  great 
extent.  It  is  true  that  we  do  find  fair  designers  once  in  a  while 
who  were  educated  from  only  one  of  these  two  sides,  but  we  can 
also  see  under  what  disadvantages  they  work  sometimes  in  conse- 
quence of  not  being  trained  from  the  other  side  as  well. 

In  view  of  what  has  been  said,  I  may  be  asked  whether  I  would 
recommend  to  abandon  the  shop  practice  system  in  use  in  the 
technical  schools  at  the  present  day.  To  this  I  would  answer 
decidedly,  No  !  Although  there  is  abundant  work  for  a  student 
to  fill  up  his  time  during  a  four  year's  course  without  any  shop 
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practice,  the  shop  work  is  valuable  as  considered  from  three  dis- 
tinct stand-points.  In  the  first  place  it  gives  the  student  the 
necessary  physical  exercise,  to  maintain  his  health,  in  a  more 
profitable  way  than  he  can  get  it  on  the  base-ball  grounds,  or  in 
the  racing  shell.  In  the  second  place  the  shop  practice  system 
furnishes  the  best  means  of  teaching  the  relation  of  the  sciences 
to  the  arts  ;  in  other  words,  it  furnishes  the  means  of  illustrating 
and  teaching,  in  a  practical  way,  how  to  apply  the  sciences  in  the 
daily  practice  of  business.  It  helps  the  student  to  remember  the 
lessons  learned,  as  it  multiplies  the  association  of  ideas. 

I  once  knew  a  student  who,  after  having  studied  plane  geometry 
and  recited  his  lessons  well,  was  unable  to  apply  his  knowledge  to 
determine  how  much  to  "  set  over  "  the  foot  stock  of  his  lathe  to 
turn  a  taper  of  three-quarters  of  an  inch  to  one  foot.  If  the  sim- 
ilar triangles  had  been  drawn  on  paper  he  would  have  understood 
them  at  once,  but  the  moment  the  lines  were  hidden  in  the  center 
of  a  bar  of  iron,  or  stretched  through  the  air  in  an  invisible  form, 
he  could  not  see  any  geometry  there  to  apply.  He  needed  some 
instruction  in  practical  geometry  to  teach  him  the  use  of  abstract 
geometry.  Similar  instances  might  be  mentioned  in  relation  to 
the  other  sciences. 

Thirdly  :  Shop  practice  is  valuable  because  it  gives  the  student 
an  introduction  into  the  work  which  he  expects  to  pursue  after  he 
leaves  college.  It  gives  him  a  start  in  the  right  direction  of  hi 
future  professional  studies,  but  it  does  not  and  cannot  do  more 
than  this.  If  the  student  gets  the  idea  that  he  will  receive  all  the 
training  in  college  which  is  necessary  to  qualify  him  to  take  full 
charge  of  the  shop  or  of  the  designing  of  machinery,  then  there 
must  be  something  wrong  in  the  management  of  the  institution 
which  teaches  him  so  deceitfully.  The  technical  schools  usually 
advertise  "  to  fit  young  men  for  positions  of  usefulness  in  the  de- 
partment of  mechanical  engineering,"  or  something  to  that  effect. 
This  seems  often  to  be  interpreted  that  the  schools  can  manufacture, 
to  order,  full-fledged  mechanical  engineers.  The  student  should 
be  frequently  reminded  that  he  will  have  something  to  learn  after 
he  leaves  college.  We  never  hear  of  law  schools  graduating  full- 
fledged  lawyers.  I  believe  the  young  aspirant  must  always  take 
an  after  course  with  some  practical  lawyer  before  he  is  admitted 
to  the  bar.  "Why  should  the  mechanical  student  expect  to  fit 
himself  for  the  duties  of  life  in  a  shorter  time,  when  the  subjects 
of  his  studies  are  certainly  much  more  far  reaching?     There  is  no 
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class  of  men  who  have  contributed  so  much  to  the  present  civili- 
zation as  the  mechanic.  No,  let  us  not  denounce  the  technical 
schools  because  they  cannot  make  mechanical  engineers  and  de- 
signers in  the  short  time  of  four  years.  Let  us  not  look  upon 
the  graduate  with  contempt  because  he  has  not  learned  all  there 
is  to  be  known  in  four  short  years.  The  colleges  are  doing  excel- 
lent work  ;  let  us  give  them  credit  for  it.  Let  them  continue  to 
give  the  student  that  which  they  can  give  him — a  scientific  and 
techuical  education  ;  after  that  he  will  get  what  else  is  necessary 
if  he  has  any  ambition  and  has  been  properly  directed. 

Mr.  Samuel  Webber. — While  agreeing  very  fully  with  Mr.  Haw- 
kins, as  to  the  value  of  so  shaping  the  education  of  a  young  engi- 
neer, as  to  develop  and  extend  his  natural  intuitive  faculties  for 
machine  construction  and  design,  I  am  compelled  to  admit  that 
I  do  not  believe  that  any  system  of  study  will  do  so,  unless  the 
natural  and  intuitive  faculties  are  strong  in  him  from  the  begin- 
ning. 

The  old  Latin  proverbs,  "Ex  quovis  ligno  non  fit  Mercurius" 
and  "  Poeta  nascitur,  non  fit"  are  as  applicable  to  the  engineer, 
and  I  am  quite  in  accord  with  the  remarks  of  Mr.  Dodge  at  the 
Atlantic  City  meeting,  which  Mr.  Hawkins  quotes. 

The  constructive  faculty  may  be  so  aided  by  education,  as  to 
enable  the  designer  of  a  machine  so  to  construct  his  parts  of  it 
as  to  render  each  best  fitted  for  the  stress  which  is  to  be  put  upon 
it,  and  not,  as  I  have  seen,  to  place  a  T-shaped  brace  or  girder 
wrong  side  up ;  but,  like  Mr.  Dodge,  I  believe  a  good  deal  in  the 
great  value  of  "  original  judgment  "  in  the  matter. 

The  suggestion  made  by  Mr.  Hawkins  I  deem  very  valuable, 
and  that  is,  that  the  young  engineer  should  make  enlarged  copies 
of  his  designs,  in  a  rough  way,  of  full  size.  I  know  that  it  will 
aid  materially  in  discovering  and  correcting  errors,  which  might 
pass  unnoticed,  if  merely  drawn  in  the  ordinary  way  of  one-quar- 
ter size ;  and  it  is  mainly  to  indorse  this  suggestion  that  I  venture 
to  add  to  this  discussion. 

I  might,  however,  add  that  the  practical  education  of  the  work- 
shop, where  the  machine  is  to  be  daily  used  at  its  regular  work,  is 
another  factor  of  great  importance,  and  it  is  one  which  cannot 
be  obtained  by  any  system  of  study. 

Its  weak  points  are  then  seen  and  corrected  for  the  future,  and 
I  can  point  to  a  system  of  machines  long  in  use  in  very  many  of 
our  American  cotton-mills,  and  built  by  various  makers,  in  which, 
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■within  a  few  years,  radical  difficulties  have  been  discovered  by 
the  workmen  who  had  charge  of  them,  which  have  led  to  the  very 
extensive  substitution  of  an  English  mechanism  for  accomplish- 
ing the  same  purpose,  which  avoided  the  errors.  In  this  case, 
both  systems  were  old,  and  had  been  in  use  for  years,  but  it  was 
left  for  a  keen  practical  workman  to  discover  how  and  why  it  was 
that  one  did  good  work,  while  the  other  one  failed. 

Mr.  John  T.  Hatvhins* — Since  writing  thepaper  I  have  had 
occasion  to  look  over  a  work  recently  published  by  Dr.  W.  T. 
Barnard.  I  believe  he  is  assistant  to  the  President  of  the  Balti- 
more and  Ohio  Railroad.  And  I  found  some  very  pertinent  re£- 
erences  to  that  subject,  and  I  make  a  few  ^quotations  from  it  as 
bearing  out  my  idea,  which  I  think  is  more  or  less  understood  by 
all  the  gentlemen  who  have  spoken. 

Dr.  \Y.  T.  Barnard,  in  a  recent  treatise  on  "  Technical  Educa- 
tion," says,  p.  37,  referring  to  the  tendency  to  ignore  practical 
subjects : 

"  That  this  tendency  is  a  very  grave  danger  in  technological 
schools  generally,  is  very  apparent  from  a  study  of  those  in  Eng- 
land, where  most  of  the  institutions  established  purely  and  simply 
for  technical  instruction  are  already  drifting  into  devotion  for  the 
higher  mathematics,  to  the  exclusion  of  drawing,  applied  science, 
and  mechanical  teachings." 

Judge  McArthur  says  that  "while  we  have  schools  for  all  sorts 
of  instruction  in  mathematics,  history,  literature,  and  philosophy  in 
abundance,  they  fit  nobody  with  either  knowledge  or  skill  in  any 
particular  branch  of  industry." 

Again,  p.  39,  Dr.  Barnard  says :  "  Students  in  industrial  classes 
should  have  greater  facilities  for  visiting  shops,  factories,  and 
mines,  and  for  studying  their  operations,  and  should  be  examined 
with  reference  to  their  proficiency  in  applying  scientific  princi- 
ples to  the  numerous  processes  they  witness,  jast  as  students  of 
botany  visit  fields  and  forests  and  study  liowers  and  plants." 

Again,  pp.  105,  106  : 

"  On  the  other  hand,  it  is  difficult  to  procure  men  at  any  price 
who  combine  superior  skill,  comprehensive  mechanical  knowl- 
edge, and  general  intelligence  in  such  proportions  as  to  make 
them  valuable  as  foremen,  managers  and  specialists  in  mechan- 
ical pursuits,  or  in  the  operating  branches  of  railway  service.  An 
appreciation    of  this  fact,  and  the   necessity  for  educating  their 

*  In  closing  the  debate. 
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work-people  to  an  understanding  of  modern  railway  machinery, 
appliances  and  methods,  has  led  a  number  of  managers  to  seek 
the  services  of  the  graduates  of  technical  schools  as  assistant  fore- 
men, assistant  supervisors,  assistants  to  engineers  of  roadway, 
master  mechanics,  etc.  After  some  actual  experience  these  young 
men  are  put  in  line  of  promotion,  and  inquiry  shows  that  generally 
they  stand  well  in  their  respective  corps,  but  even  after  going 
through  the  shops,  such  graduates  continue  more  theoretical  than 
practical,  and  this  constitutes  the  great  objection  to  railroads  tak- 
ing into  service  technological  school  graduates,  instead  of  educat- 
ing their  own  young  men. 

On  p.  11  he  quotes  from  Prof.  Huxley  that  "  the  advance  of 
industry  in  all  countries  depends  on  employers  being  able  to  find 
to  their  hand  persons  of  sufficient  knowledge  and  sufficient  flexi- 
bility of  mind  to  be  able  to  turn  from  the  one  thing  they  have 
been  doing  to  something  different,  according  to  the  nature  of  the 
improvement  that  has  been  made,"  and  that  "  the  development  of 
industry  under  its  present  conditions  is  almost  entirely  the  result 
of  the  application  of  science  to  the  development  of  mechanical 
processes  of  complexity,  requiring  a  great  deal  of  attention  and 
intelligence  to  cany  them  out." 

Mr.  C.  D.  Jamieson,  of  the  Massachusetts  Institute  of  Technol- 
ogy, in  a  paper  on  "  Railroad  Engineering  Education,"  says  :  "In 
the  instruction  in  any  branch  of  engineering  the  one  thing  to  be 
kept  prominently  before  the  student  is  economy  of  design  and 
construction.  It  is  not  enough  to  be  able  to  design  and  construct 
a  bridge  of  a  certain  length  which  shall  safely  hold  up  a  given 
load,  or  a  station  that  shall  accommodate  a  given  number  of  pas- 
sengers and  trains,  but  this  should  be  done  at  the  least  possible 
cost.  In  conclusion,"  he  says,  "let  me  say  that  the  student 
should  be  so  drilled  that  when  he  graduates  he  can  have  not  only 
the  diploma  of  the  school,  but,  what  is  of  more  importance  to 
him,  can  accept  any  position  in  his  profession  that  offers,  prove 
himself  of  use,  and  therefore  a  necessity  to  his  employer,  and  earn 
a  living  for  himself." 

Replying  *  to  Mr.  Smith,  I  think  he  quite  misinterprets  the  gist 
of  the  paper.  It  is  not  advocated  ihat  the  student  should  be 
expected  to  become  a  full-fledged  mechanical  engineer  or  designer 
in  four  years,  but  that  a  good  part  of  the  more  abstract  mathe- 
matics of  the  present  curriculum  might  be  replaced  by  such 
*  Added  since  the  meeting,  under  the  Rules. 

31 
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development  of  his  mechanical  intuitions  as  to  make  him  suffi- 
ciently far  advanced  as  a  designer  to  be  able,  at  least,  to  com- 
mence to  be  one.  If  it  should  be  necessary  for  a  young  man  to 
have  a  thorough  knowledge  of  the  calculus,  in  order  to  become  a 
mechanical  engineer  of  high  degree,  I  believe  it  much  the 
more  expedient  that  he  should  acquire  that  in  after  life  rather 
than  that  his  mechanical  intuitions  should  be  neglected  so  greatly 
as  I  believe  is  now  done.  I  have  no  hesitation  in  taking  the 
stand,  that  the  most  superlative  kind  of  mechanical  engineer 
imaginable  may  exist,  without  the  slighest  knowledge  of  what 
"  quaternions  "  mean  or  consist  of;  and  I  am  equally  positive  that, 
so  far  as  machine  designing  is  concerned,  there  is  so  little  use  for 
analytical  geometry  and  the  differential  and  integral  calculus  that 
it  Mould  be  vastly  preferable  to  impart  to  the  student  nothing  of 
these,  or  only  sufficient  of  them  to  permit  of  his  knowing  what 
they  were,  allowing  him  to  perfect  himself  in  them  in  after  life,  if 
he  found  it  desirable,  rather  than  to  neglect  what  I  have  tried  to 
describe  as  his  mechanical  intuitions,  for  which  he  will  have  so 
much  and  such  constant  use. 

Mr.  Smith's  student,  who,  after  having  studied  plane  geometry 
and  recited  his  lessons  well,  failed  to  see  the  similar  triangles, 
where  the  lines  were  to  be  imagined  as  existing  in  the  tail  stock  of 
a  lathe,  serves  admirably  as  an  example  of  neglect  of  his  mechan- 
ical intuitions.  Shop  practice,  I  believe,  should  not  only  be  con- 
tinued, but  amplified  in  our  technical  schools,  for  which  latter,  I 
think  there  is  plenty  of  room.  I  think  technical  schools  may  "  fit 
young  men  for  positions  of  usefulness  in  the  department  of  me- 
chanical engineering,"  without  expecting  to  make  them  full- 
fledged  mechanical  engineers. 

I  cordially  join  Mr.  Smith  in  saying,  "  Let  us  not  denounce  the 
technical  schools,"  because  they  cannot  make  mechanical  engi- 
neers and  designers  in  the  short  time  of  four  years ;  but  let  us 
improve  them  if  we  can.  But  neither  let  us,  in  discussions  like 
this,  put  up  men  of  straw  merely  to  show  how  easily  they  may  be 
knocked  down  again  ;  for  certainly  there  is  nothing  that  can  savor 
of  denunciation  of  the  technical  schools  in  my  rjaper.  Nor  will 
we  "  look  upon  the  graduate  with  contempt,"  because  he  has  not 
learned  it  all  in  the  same  brief  period  ;  but  let  us  make  him  as 
useful  as  possible  at  the  end  of  his  school  term,  without  detract- 
ing from,  but  rather  adding  to,  his  ability  to  reach  the  highest 
step  of  the  ladder  in  due  time,  by  giving  him  less  of  the  abstract 
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type  of  instruction.  "We  do  not  want  to  equip  them  for  astrono- 
mers,  and  can  better  omit  certain  of  that  which  astronomers  must 
have  than  that  which  is  equally  indispensable  to  them  as  mechan- 
ical engineers.  I  have  no  desire  to  find  fault  with  the  technical 
schools,  and  will  yield  to  no  one  in  admiration  of  what  they  are 
doing  for  the  young  men  of  our  country  in  our  profession  ;  but  I 
am  under  a  very  decided  conviction  that  they  may  be  improved, 
somethiEg  on  the  lines  indicated  in  the  paper. 

Gibbon  says  :  "  We  have  two  educations,  one  from  teachers 
and  the  other  we  give  ourselves ; "  and  what  I  wish  to  contend 
for  is  that  the  teachers  should  give  us  more  of  those  things  which 
we  are  obliged  to  buy,  beg,  borrow,  steal,  or  dig  out  in  some  way 
for  ourselves  ;  and  which  in  machine  construction  constitute  the 
main  requisites. 
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CCXLVIII. 

NOTES  FOR  DISCUSSION  IN  RELATION   TO    THE  DE- 
VELOPMENT   OF    THE    COMPOUND    ENGINE   AND 
THE  PROBABLE  LIMIT   OF  STEAM  PRESSURE  IN 
MARINE  ENGINES  AND  BOILERS. 

BY  CHAS.   E.    EMERY,   HBW  YORK   CITY. 

(Member  of  the  Society.) 

Fifty  years  ago,  when  steam  navigation  was  in  its  infancy,  the 
steam  pressure  employed  in  marine  engines  was  as  low  as  five  to 
ten  pounds;  but  as  boiler  construction  improved,  a  rapid  increase 
took  place  to  20  and  25  pounds,  until  finally  a  sort  of  stand-still, 
at  a  maximum  of  about  40  pounds,  was  established  for  a  series 
of  years.*  This  pressure  was  considered  so  high  that  compound 
engines  were  constructed  in  which  to  use  it.  Some  notable 
examples  running  on  the  west  coast  of  South  America  were  fa- 
miliar to  marine  engineers  some  twenty  years  ago,  and  curiously 
enough  the  reports  which  came  from  those  engines  corresponded 
closely  with  the  reports  from  modern  engines  of  certainly  better 
economy,  in  that  it  was  claimed  that  the  power  was  obtained  with 
the  consumption  of  one  and  a  half  pounds  of  coal  per  indicated 
horse-power  per  hour.  Higher  pressures  were  in  vogue  on  inland 
waters  almost  from  the  commencement  of  steam  navigation  on  the 
same,  but  were  introduced  much  more  slowly  on  sea-going  steamers. 
As  improvements  in  the  mechanical  arts  progressed,  it  was  found  that 
steam  boilers  could  be  safety  constructed  to  carry  higher  pressures, 
and  steam  machinery  for  using  steam  at  a  pressure  of  60  pounds 

*  The  well-known  veteran  engineer,  Chas.  H.  Haswell,  in  response  to  an  in- 
quiry states,  "  In  1821,  the  first  year  of  which  I  have  a  clear  remembrance  of  the 
pressure  of  steam  borne  by  the  low-pre:-sure  boilers  of  the  day,  the  general 
practice  was  from  10  to  12  pounds,  as  the  form  of  boiler  then,  from  the 
form  of  the  flues  and  the  absence  of  bracing,  would  not  admit  oi  greater  press- 
ure." He  however  adds,  "The  Great  Western,  the  second  steamer  that' reached 
here  from  England,  was  operated  with  steam  at  3.5  pounds  pressure.  Her 
boilers,  the  box  flue,  would  not  admit  of  a  greater  pressure.'' 
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and  more  was  made  from  time  to  time.  Engines  of  the  compound 
type  were  made  at  an  early  date,  but  did  not  at  first  find  much 
favor,  and  it  was  not  until  about  the  year  1870  that  this  engine 
was  what  may  be  called  reintroduced  and  established  as  the  marine 
engine  of  the  future.  The  initial  successes  of  this  period  were 
doubtless  made  by  various  constructors  in  Great  Britain,  the  firm 
of  Elder  &  Co.  being  probably  in  the  lead.  Mr.  Thomas  W.  Lay, 
at  about  the  same  time,  established  a  certain  form  of  engine  of  this 
class  on  the  Great  Lakes.  The  writer  also,  through  opportunities 
given  as  Consulting  Engineer  of  the  U.  S.  Coast  Survey  and  Reve- 
nue Marine,  took  an  active  part  in  developing  the  system  on  the 
smaller  government  vessels, — and  the  information  thus  obtained, 
together  with  that  which  could  be  procured  from  abroad,  was  util- 
ized by  the  U.  S.  naval  officers  in  designs  for  compound  engines 
for  vessels  of  war. 

Meanwhile,  the  "doubting  Thomases"  among  marine  engineers 
claimed  that  just  as  good  results  could  be  obtained  with  single  en- 
gines of  long  stroke,  and  a  number  of  vessels  were  built  to  prove 
this  theory,  many  of  which  did  very  well.  The  practical  work  of 
the  compound  engines  in  this  country  soon,  however,  had  the 
effect  of  converting  the  most  earnest  advocates  of  expansion 
in  a  single  cylinder.  Without  mentioning  names,  it  may  be 
said  that  one  after  another  the  older  engineers  succumbed  to  the 
inevitable,  and  now  the  writer  does  not  know  of  a  single  one,  or  a 
single  firm,  that  adheres  to  former  opinions  and  prejudices.  To- 
day there  are  numbers  of  ocean  steamers,  both  small  and  large,  run- 
ning with  steam  pressures  as  high  as  160  pounds  to  the  square 
inch.  The  steam  is  used  in  triple  expansion  engines,  and  the  ad- 
vocates of  the  system  claim  as  great  economy  in  the  change  from 
double  to  triple  expansion  as  was  originally  claimed  in  that  from 
simple  engines  to  the  ordinary  compound  engines.  Undoubtedly 
overstatements  are  made  as  great  as  those  formerly  made  in  rela- 
tion to  the  ordinary  compound  engine.  The  results  with  the  latter 
should  of  course  have  been  compared  only  with  those  from  engines 
operating  with  the  same  steam  pressure  and  under  the  best  condi- 
tions for  economy  at  that  pressure  :  whereas  they  were  frequently 
compared  with  those  from  low-pressure  engines  of  obsolete  type. 
The  performance  of  the  triple  compound  engines  are  not  only  not 
being  compared  with  those  of  compound  engines  operating  at  the 
same  pressure,  but  comparisons  have  been  made  with  the  results 
obtained  with  engines  which  have  been  allowed  to  run  down,  and  in 
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cases  where  the  boilers  have  deteriorated  so  that  the  pressure  origi- 
nally intended  is  not  maintained. 

With  the  view  of  settling  various  questions  of  this  kind  in  rela- 
tion to  the  original  compound  engine,  a  series  of  experiments  were 
made  in  the  years  1874  and  1875,  under  the  general  direction  of 
Chief-Engineer  Charles  H.  Loring,  U.  S.  Navy,  representing  the 
Navy  Department,  and  the  writer,  representing  the  Treasury  De- 
partment, with  the  machinery  of  various  revenue  steamers,  de- 
si  o-ned  by  the  writer,  one  having  a  compound  engine,  another  a 
hio-h-pressure  condensing  engine,  another  a  similar  engine  with  a 
jacket,  and  another  with  a  low-pressure  engine. 

These  experiments  showed  that  at  the  pressure  employed,  viz. 
70  pounds,  the  gain  due  to  compounding  was  only  12  to  15  per 
cent,  as  compared  with  using  the  steam  with  an  equal  degree  of  ex- 
pansion in  a  single  cylinder.  Official  reports  of  these  experiments 
were  made  to  the  Navy  and  Treasury  Departments  and  the  results 
discussed  by  the  writer  in  several  journals.  Abstracts  of  the  re- 
ports were  also  made  by  various  periodicals  and  embodied  in  the 
current  literature  on  the  subject.*  In  the  discussion,  the  writer 
stated  that  the  average  economy  of  compound  engines  was  doubt- 
less nearer  25  per  cent,  than  12  to  15,  on  account  of  mechanical 
difficulties  incident  to  keeping  in  order  single  engines  working  at 
a  hio-h  degree  of  expansion  and  the  liability  of  the  engineer  to 
reduce  the  steam  pressure  and  follow  a  little  further  in  the  stroke 
to  relieve  the  strains  on  his  joints  and  all  the  working  parts  of  the 
engine  and  save  himself  work.  The  same  difficulty  was  experi- 
enced with  the  first  compound  engines,  and  is  supposed  to  be  one 
reason  why  the  Elders,  in  their  original  engines,  set  the  main 
valves  to  cut-off  with  full  link  at  about  one-half  the  stroke  on  the 
high-pressure  cylinder,  so  that  the  engineer  could  only  control  the 
cut-off  with  the  independent  gear  within  that  limit. 

In  the  above  experiments  a  horse-power  was  obtained  in  the 
compound  engine  of  the  U.  S.  Revenue  Steamer  Rush  for  18.38 
pounds  of  feed  water  per  hour,  the  steam  pressure  being  nearly  70 
pounds.  Now  if  the  steam  supplied  to  the  engine  in  this  case  had 
been  generated  at  about  160  pounds  pressure,  and  used  to  operate 
another  piston  until  its  pressure  was  reduced  to  that  actually  used  in 

*  See  articles  by  the  writer  on  "Compound  and  Non-Compound  Engines," 
Transactions  American  Society  Cicil  Engineers,  1875  ;  Journal  Franklin  Insti- 
tute, 1875-6  ;  Engineering  (London),  1875-6  ;  see  also  D.  K.  Clark's  Hand  Book  ; 
Cotterill,  on  the  Steam  Engine,  etc. 
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the  high-pressure  cylinder  of  the  Hush,  there  would,  on  the  basis 
that  80  per  cent,  of  the  total  feed  water  was  utilized  in  such  first 
expansion,  have  been  obtained  about  40  pounds  mean  pressure, 
and  21.3  per  cent,  additional  work,  and  the  cost  of  the  horse-power 
would  have  been  reduced  to  15.15  pounds  of  feed  water  per  hour, 
which  would  have  required  for  an  evaporation  of  8  pounds  of  water 
per  pound  of  coal  1.89  pounds  of  coal  per  horse-power  per  hour. 
In  average  practice,  it  is  believed  that  the  evaporation  would  fre- 
quently be  nearer  7 4.  pounds  than  8,  which  would  increase  the  coal 
consumed  to,  in  round  numbers,  2  pounds  of  coal  per  indicated 
horse-power  per  hour. 

This  indirect  method  of  procedure  probably  gives  about  the  aver- 
age performance  to  be  expected  under  actual  conditions  in  modern 
triple  expansion  engines  of  moderate  size.  A  better  performance 
is  claimed  and  undoubtedly  is  obtained  under  experimental  condi- 
tions and  in  the  larger  ocean  steamers.  It  is  thought  that  further 
gain  must  be  looked  for  in  the  performance  of  the  boiler,  as  it  is 
not  believed  that  very  much  better  results  than  15  pounds  of  water 
per  indicated  horse-power  per  hour  may  be  expected. 

A  clear  gain,  however,  of  upward  of  20  per  cent,  is  very  impor- 
tant, and  by  the  same  method  of  reasoning,  it  would  appear  that 
steam  of  still  higher  pressure  might  be  expanded  in  still  another 
cylinder  and  used  again  and  again  with  economy.  This  corresponds 
with  the  conclusion  from  different  premises  stated  in  another  paper 
presented  with  this,  on  the  subject  of  ''  Cylinder  Condensation,  and 
the  Reduction  of  the  same  by  the  use  of  the  Compound  Engine."* 

On  the  above  basis,  the  limit  of  pressure  would  probably  be  fixed 
only  by  the  capacity  of  the  materials  forming  the  steam  cylinders 
and  valve  chests  to  resist  the  higher  tensions  and  higher  tempera- 
tures. It  is  probable  that  no  material  better  than  cast  iron  will 
be  found  for  steam-engine  cylinders,  and  this  is  made  sufficiently 
dense  to  resist  hydraulic  pressure  of  several  thousand  pounds.  Dif- 
ficulty is,  however,  experienced  in  carrying  pressures  as  high  as 
300  pounds  with  ordinary  castings,  and  if  the  steam  pressure  were 
to  be  increased  to  or  beyond  that  point  more  care  would  be  neces- 
sary in  selecting  and  manipulating  the  metal  and  molds. 

A  steam  pressure  of  upward  of  300  pounds  was  successfully  car- 
ried on  a  small  steamer  called  the  Anthracite,  which  was  built  in 
England  on  the  so-called  Perkins  High-Pressure  System,  and  vis- 
ited this  country  in  1880  to  demonstrate  that  high  pressures  could 
*  Trans.  A.  S.  M.  K.,Vol.  VIII.,  page  479. 


476   THE   COMPOUND   EN'GINE   AND  THE  LIMIT   OF   STEA.M   PKESSUtiE. 

be  safely  and  efficiently  utilized  to  furnish  motive  power  on  an 
ocean  voyage.  Her  machinery  was  tested  by  a  board  of  naval 
officers  in  New  York.  With  an  average  steam  pressure  of  316.5 
pounds  expanded  25.7  times  in  triple  expansion  engines,  there  were 
required  21.61  pounds  of  feed  water  per  hour  per  indicated  horse- 
power. The  engines  were  small,  the  aggregate  indicated  horse- 
power developed  being  but  67.7.  Still  the  cost  was  quite  higb,  no 
lower,  in  fact,  than  has  been  obtained  in  exceptional  cases  with 
good  condensing  engines,  and  about  what  ought  to  have  been  ex- 
pected with  an  ordinary  compound  engine  using  a  steam  pressure 
no  higher  than  80  pounds.  The  same  engine,  tested  in  England  by 
Mr.  Bramwell,  furnished  a  horse-power  for  17.8  pounds  feed  water 
per  hour,  the  water  level  being  then  carried  lower,  so  that  the  steam 
was  superheated  considerably.  The  superheating  of  the  steam  at 
these  high  pressures  is  not  desirable  in  practical  work  on  account 
of  difficulty  with  the  packings  and  lubricant.  In  the  Dixwell  ex- 
periments in  Boston  with  superheated  steam,  it  was  considered 
that  450  degrees  was  the  highest  temperature  which  should  be  per- 
mitted. Proper  precautions  would  indicate  that  even  this  temper- 
ature should  not  be  allowed  in  sea-going  engines  involving  so 
many  responsibilities.  The  temperature  of  steam  of  300  pounds 
prespure  is  about  420  degrees,  which,  in  the  opinion  of  the  writer, 
is  as  high  as  can  be  carried  satisfactorily  in  average  practice  either 
on  sea  or  land.  It  seems  certain  that  the  highest  steam  pressure 
admissible  would  be  limited  b}T  the  temperature  rather  than  by 
other  conditions.  In  some  of  the  marine  engines  using  steam  at 
100  pounds  pressure,  it  is  found  that  there  is  a  sufficient  precipita- 
tion of  water  to  permit  the  use  of  oil  to  be  dispensed  with  after 
the  engines  are  fairly  started  from  port.  The  temperature  due  to 
this  pressure  is  but  about  370  degrees.  In  the  Anthracite,  designed 
for  a  higher  pressure,  with  some  superheating,  all  the  packings 
were  made  of  a  metal  adapted  to  obviate  the  necessity  of  using 
oil,  and  it  is  believed  that,  if  the  steam  be  kept  dry  so  as  to  secure 
economy,  a  pressure  even  of  300  pounds  will  not  be  carried  in 
practice  without  the  use  of  some  device  of  this  character ;  and  as 
any  specialty  always  acts  to  limit  general  application,  a  less  press- 
ure will  probably  be  generally  adopted. 

It  is  considered  by  the  writer,  that  the  proper  limit  of  pressure 
has  already  been  reached,  if  not  exceeded,  for  the  type  of  boiler 
used  in  large  ocean  steamers.  Cjdindrieal  boiler  shells  12  feet 
and  upward  in  diameter,  and  1\  to  If  inches  thick,  are  not  recom- 
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mended,  although  used  in  practice.  To  limit  the  thickness  even 
to  the  figures  named,  it  is  necessary  to  use  steel ;  arid  to  procure 
even  this  of  sufficient  tensile  strength,  it  is  necessary,  for  such 
heavy  plates,  to  use  steel  comparatively  high  in  carbon,  which  is 
treacherous  under  ordinary  manipulation.  Not  a  plate  of  it  should 
be  used  without  annealing  after  every  mechanical  operation  per- 
formed upon  it.  Ln  fact,  the  whole  boiler  ought  to  be  annealed 
after  the  plates  have  been  riveted  together,  in  order  to  overcome 
the  injurious  effects  due  to  local  strains  produced  in  working  it, 
but  this  is  impracticable.  Of  course,  boilers  are  made  as  heavy 
as  this  and  but  few  fail,  but  the  business  cannot  be  considered  on 
a  safe  and  reliable  basis  so  long  as  any  fail. 

As  these  are  notes  for  discussion,  it  is  considered  well  to  state  as 
an  opinion  that,  since  so  many  manufacturers  have  gone  into  the 
steel  business,  steel  can  no  longer  be  considered  in  a  commercial 
sense  better  than  iron.  The  element  of  competition  brings  out 
steel  which  is  altogether  unfitted  for  boiler  plates.  Some  boiler- 
makers  recommend  their  customers  not  to  use  steel,  and  it  is  only 
when  it  is  carefully  inspected  to  ascertain  its  quality  before  being 
made  up,  and  also  carefully  inspected  while  the  boiler  is  being  con- 
structed, that  the  steel  boiler  can  be  relied  upon.  It  is  so  much 
more  homogeneous  and  in  every  way  desirable  when  the  material 
is  right  that  there  is  no  danger  of  every  one  going  back  to  iron ;  at 
the  same  time,  the  steel  industry  is  bound  to  have  its  ups  and 
downs  on  account  of  the  improper  material  furnished  by  many  of 
the  manufacturers.  The  new  ones  are  not  entirely  to  blame,  as 
some  of  the  older  ones  send  out  inferior  material  under  the  spur 
of  competition.  It  may  be  proper  to  say  that  no  steel  should  be 
used  for  boilers,  unless  it  be  properly  inspected  or  furnished  by  a 
firm  which  is  known  to  keep  up  its  reputation  and  to  send  out 
nothing  but  what  is  suitable  for  the  purpose. 

The  type  of  boiler  used  in  most  modern  men-of-war  is  of  the 
locomotive  type,  and  has  a  smaller  shell  than  the  ordinary  mer- 
chant marine  boiler,  and  hence  plates  of  proper  thickness  can  be 
obtained  without  using  steel  so  high  in  carbon.  It  would  seem 
better  to  retain  for  these  boilers  the  sizes  now  in  vogue,  rather 
than  make  larger  ones  requiring  thicker  plates,  and  also  to  retain 
substantially  the  thicknesses  now  in  vogue,  rather  than  to  cany 
higher  pressures  requiring  plates  so  much  thicker  as  to  necessitate 
the  use  of  steel  unusually  high  in  carbon. 

It  is  the  opinion  of  the  writer  that  boilers  to  carry  the  high 
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pressures  under  consideration  should  be  entirely  without  shells, 
except  those  of  necessary  separating  drum.s  with  comparatively 
small  diameters.  On  this  system  there  will  be  no  difficulty  in  car- 
rying pressures  as  high  as  400  or  5U0  pounds  or  more,  if  the  diffi- 
culties referred  to  in  the  way  of  lubrication,  etc.,  for  cylinders 
could  be  overcome  to  permit  them.  Sectional  boilers  are  so  well 
worked  out  for  use  on  laud,  and  there  has  been  such  measure  of 
success  even  in  sea-going  vessels,  that  it  seems  safe  to  conclude  that 
the  use  of  higher  steam  pressures  need  not  be  limited  by  difficul- 
ties in  the  construction  of  the  boiler. 

There  is  no  reason  why  pressures  as  high  as  those  in  use  on  the 
Western  rivers,  viz.,  from  180  as  high  as  200  pounds,  should  not  be 
adopted  in  general  practice  to  secure  economy  of  fuel,  and  the  con- 
siderations above  expressed  in  relation  to  the  lubrication,  etc.,  in- 
dicate that  the  pressure  may  be  increased  to,  or  nearly  to,  300  pounds, 
when  commercial  and  economical  considerations  demand  such  a 
pressure.  It  is  probable  that  for  pressures  exceeding  200  pounds, 
quadruple  expansion  engines  should  be  used.  The  experiments 
with  the  Anthracite  appear  to  sustain  such  an  opinion.  The 
writer  has  not  seen  a  record  of  actual  experiments,  giving  quantita- 
tive results  with  triple  expansion  engines  other  than  those  of  the 
Anthracite,  though  much  information  of  a  comparative  nature  is 
available  which  is  subject  to  the  objections  first  above  indicated.'5* 

[Note. — This  paper  was  presented  and  discussed  in  connection  with  No.  CCXLIX 
(cylinder  condensation  and  its  reduction  by  the  compound  engine), 
which  follows  it.     The  Discussion  is  at  the  end  of  the  latter  paper.  ] 

*  Iu  response  to  a  request,  Mr.  R.  H.  Bueh  M.  E.,  who  keeps  up  his  index 
reruni,  calls  attention  to  reports  of  the  trial  of  the  Anthracite,  published  in  the 
Journal  of  the  Franklin  Institute,  February,  1881,  page  81 ;  March,  1881,  page  161; 
October,  1881,  page  260.  The  data  given  iu  the  text  were  taken  directly  from  the 
Government  report.  Reference  is  also,  made  to  Engineering ,  February  29,  1884, 
page  185,  where  are  published  some  indicator  diagrams  from  triple  expansion 
engines  of  the  Me  of  Dursey,  and  the  daily  coal  consumption.  These  data 
would  appear  to  indicate  lower  consumption  than  calculated  in  the  text,  but 
this  is  the  case  with  all  such  data  from  ocean  steamers,  as  the  single  set  of  indi- 
cator diagrams  taken  daily  do  not  represent  the  average  performance  for  the 
entire  day.  Reference  is  also  given  to  data  in  regard  to  triple  expansion 
engines  in  Engineering,  February  27,  1885,  page  224,  and  this  refers  back  to 
page  173,  same  volume,  where  is  given  a  complete  list,  with  principal  dimensions, 
of  triple  expansion  engines  constructed  prior  to  January  7th,  1885. 
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CCXLIX. 

NOTES  FOR  DISCUSSION  ON  CYLINDER  CONDENSA- 
TION AND  THE  REDUCTION  OF  THE  SAME  BY  THE 
USE  OF  THE  COMPOUND  ENGINE. 

BY  CHAS.    E.    EMERY,    NEW   YORK  CITY. 

(Member  of  the  Society.) 

In  connection  with  the  paper  submitted  herewith  on  "  The  De- 
velopment of  the  Compound  Engine  and  the  Probable  Limit  of 
Steam  Pressure  in  Marine  Engines  and  Boilers,"  *  the  question  will 
naturally  be  asked  by  those  who  have  not  particularly  investigated 
the  subject,  why  is  it  necessary  to  use  the  steam  in  a  compound  en- 
gine with  a  number  of  cylinders  rather  than  in  engines  with  single 
cylinders,  the  joint  capacity  of  which,  as  is  easily  shown,  need  only 
equal  the  capacity  of  the  low-pressure  cylinder  or  cylinders  of  the 
compound  engine?  The  reason  of  this  was  pointed  out  by  the 
writer  in  the  American  Artizan  of  March  15th,  1871,  and  the  sub- 
ject of  "  Cylinder  Condensation  "  was  considered  in  an  essay  which 
was  embodied  as  a  preface  to  the  descriptive  matter  of  U.  S.  Patent 
No.  70,707,  dated  Nov.  12th,  1867,  on  the  subject  of  the  use  of 
non-conducting  linings  in  steam  cylinders. 

It  has  been  thought  that  at  this  time  a  brief  account  of  the  ex-, 
periences  and  considerations  which  led  to  the  writing  of  the  articles 
referred  to  will  be  interesting  to  many,  and  perhaps  excite  discus- 
sion and  draw  out  much  useful  information  on  several  important 
details  of  the  subject. 

The  writer,  from  1863  to  1869,  then  an  Assistant  Engineer  in 
the  U.  S.  Navy,  was  engaged  in  New  York  in  making  experiments 
under  the  general  direction  of  Horatio  Allen,  Esq.,  and  B.  F. 
Isherwood,  Engineer-in-Chief,  U.  S.  N.,  designed  to  show  whether 
or  not  there  was  any  considerable  gain  in  the  expansion  of  steam — 
the  first-named  gentleman  being  an  earnest  advocate  of  expansion, 
and  the  one  last  named  claiming  that  it  had  a  very  limited  value. 
As  is  well  known,  Mr.  Isherwood  had,  previous  to  that  time,  ear- 
nestly described  in  his  writings  the  very  considerable  condensation 

Traus.  A.  S.  M.  E.,  Vol.  VIII.,  page  472. 
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of  steam  which  takes  place  in  a  steam  cylinder,  and  in  a  compara- 
tively recent  article  in  the  Journal  of  the  Franklin  Institute,  he 
claims  to  have  been  the  first  to  call  attention  to  that  subject.  With- 
out disputing  this  claim,  and  at  the  same  time  acknowledging  with 
gratitude  valuable  suggestions  from  him  as  to  the  proper  direction 
of  study,  the  writer  desires  to  claim  to  have  been  the  first  to  show 
that  all  of  the  cylinder  condensation,  independent  of  that  due  to 
the  transmutation  of  heat  into  work,  is  fully  accounted  for  by  the 
heating  and  cooling  of  the  metal  walls  of  the  cylinder.  Mr.  Isher- 
wood  clearly  referred  to  such  heating  and  cooling,  but  in  an  elab- 
orate discussion  went  on  to  show  that  that  cause  alone  would  be 
insufficient,  and  he  accounted  for  the  greater  part  of  the  condensa- 
tion on  the  supposition  that  during  free  expansion  there  is  a  loss  of 
heat  and  consequent  condensation  due  to  what  he  terms  "  expansion 
per  se"  independent  of  the  heat  transmuted  into  the  work  done.* 
This  supposed  loss  the  writer  never  could  understand  and  never 
expects  to.  As  the  total  heat  of  steam  at  a  high  pressure  is  a  little 
greater  than  at  a  lower,  the  free  expansion  of  steam  without  doing 
work  should  result  in  superheating  and  not  condensation,  and  the 
only  heat  which  can  be  extracted  during  the  performance  of  work  is 
that  due  to  such  work  at  the  rate  of  772  foot  pounds  per  British 
thermal  unit.  The  maximum  work  possible  is  proportioned  to 
the  absolute  pressure,  and  therefore  the  heat  abstracted  in  the  per- 
formance of  the  work  is  simply  a  function  of  such  pressure,  so  that 
the  ordinates  of  the  adiabatic  curve  of  expansion,  or  that  in  which 

*  Extract  from  Mr.  Isherwood's  Experimental  Researches  in  Steam  Engineer- 
ing, Vol.  I.,  p.  131,  published  in  1863  : 

"When  steam  is  u?ed  without  expansion,  the  condensation  in  the  cylinder,  ex- 
clusive of  that  which  is  due  to  the  production  of  the  power,  probably  does  not 
exceed  one  or  two  per  centum,  but  when  it  is  used  very  expansively,  the  con- 
densation, in  excess  of  re-evaporation,  ri?es  to  the  enormous  proportion  of  30  and 
40  per  centum  of  the  steam  evaporated  in  the  boiler,  and,  of  course,  when  the' 
re-evaporation,  which  in  any  case  must  be  something,  is  added,  these  figures 
will  be  increased.  Most  of  this  condensation,  however,  I  believe  to  be  due  to  the 
expansion  per  se,  particularly,  with  moderate  degrees  of  expansion,  and  not  to  the 
effect  of  re-evaporation,  which  becomes  great  only  with  large  measures  of  ex- 
pansion." 

Extract  from  page  xxviii  of  the  Preface  to  Vol.  II.  of  the  above  work,  pub- 
lished in  1865  : 

"The  quantities  in  Column  C  are  the  per  centum  of  the  total  heat  which 
enters  the  cylinder  in  the  steam  medium  of  that  annihilated  in  the  production  of 
mechanical  power  ;  there  is  additionally  a  quantity  of  heat  annihilated  by  the 
expansion  per  se  of  the  steam  when  it  is  used  expansively  in  the  production  of 
internal  work  on  the  molecules  of  the  steam." 
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the  loss  of  heat  due  to  the  performance  of  work  is  considered,  de- 
crease more  rapidly  than  in  the  inverse  ratio  of  the  volume,  accord- 
ing to  Mariotte's  Law.  Rankine  states  that  the  decrease  of  press- 
ure is  proportioned  to  the  minus  ten-ninths  power  of  the  volume. 
The  actual  curve  of  expansion  of  steam  engines  varies  somewhat 
from  this,  according  to  differences  in  condition,  but  this  general 
method  accounts  perfectly  for  the  heat  transmuted  into  work. 
This  heat  is  derived  partly  from  surplus  sensible  heat  due  to  steam 
of  a  high  pressure  expanding  to  a  lower,  and  the  deficiency  is  sup- 
plied by  a  slight  condensation  of  the  steam ;  and  there  is  no  possi- 
bility of  any  further  loss  due  to  the  "  expansion  per  se  "  of  the 
steam  itself.  To  settle  this  and  other  questions,  the  writer,  in  the 
year  1867,  constructed  two  small  cylinders  or  chambers  without 
pistons,  one  of  glass  and  the  other  of  iron,  of  exactly  equal  capaci- 
ties and  carefully  felted,  each  of  which  could  in  turn  be  connected 
with  a  valve  operated  regularly  by  an  engine  to  admit  steam  from 
a  boiler  to  the  cylinder,  and  permit  its  exhaust  to  a  condensing 
coil.  The  exhaust  opened  slowly  at  first  and  rapidly  afterwards,  so 
that  the  pressure  in  the  cylinder  would  approximate  that  in  an  or- 
dinary steam  cylinder.  The  result  was,  that  the  condensed  steam 
from  the  iron  cylinder  was  in  nearly  every  instance  fully  double 
that  from  the  glass  cylinder.  In  this  case  there  was  no  possible 
change  in  condition  except  that  due  to  the  material  of  which  the 
metal  walls  were  composed ;  whence  the  writer  concluded  that  the 
losses  from  cylinder  condensation  found  in  practice  could  be  at- 
tributed entirely  to  the  heating  and  cooling  of  the  metal  walls,  and 
that  the  "expansion  per  se"  theory  of  Mr.  Isherwood  was  un- 
necessary.* 

Mr.  Isherwood  considered  that  when  condensation  took  place  in 
the  mass  of  the  steam,  the  water  would  be  suspended  in  the  form 
of  a  cloud,  and  would  not  be  affected  by  the  temperatnre  of  the 
metal  surfaces.  This  the  writer  explained  in  1867, — (see  prelim- 
inary remarks  in  Letters  Patent  No.  70,707  f), — by  reference  to  Tyn- 
dall's  experiments,  who  points  out  in  Heat  as  Mode  of  Motion, 
that  the  amount  of  moisture  ordinarily  contained  in  the  atmos- 
phere has  seventy  times  the  absorptive  effect,  in  relation  to  latent 
heat,  of  dry  air.  Steam  chilled  by  the  performance  of  work  or  by 
reheating  metal  walls  previously  cooled  during  the  exhaust  stroke 
contains  minute  particles  of  water  with  a  great  capacity  for  heat, 

*  Trans.  A.  S.  M.  E.,  Vol.  V1L,  p.  375,  No.  204—8,  Top.  Disc, 
f  And  page  499  of  Discussion  of  this  paper. 
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and  almost  instantaneously  absorbs  that  necessary  for  their  re-evap- 
oration from  the  surrounding  walls,  and  this  action  is  at  a  maximum 
when  the  exhaust  takes  place,  when  all  the  heat  absorbed  is  car- 
ried to  waste.  Upon  the  above  basis  the  writer  in  an  article  in  the 
American  Artisan  of  March  15th,  1871,  explained  the  gain  found 
in  a  compound  engine  on  the  basis  that  the  quantity  of  heat  which 
will  be  transferred  from  a  radiator  to  an  absorbent  would  vary  as 
the  square  of  the  difference  in  temperature  (the  conditions  being 
practically  the  same  as  those  of  force  performing  mechanical  work 
in  overcoming  resistance).  If,  therefore,  the  metal  wall  of  a  cylin- 
der, originally  heated  to  a  temperature  of  320  degrees  by  live 
steam,  were  during  the  exhaust  subjected  to  a  temperature  of  only 
140  degrees,  the  same  metal  surfaces  would  be  exposed  to  a  differ- 
ence of  temperature  of  180  degrees ;  whereas,  if  the  cylinders  were 
so  arranged  that  the  work  was  done  in  two  cylinders  instead  of 
one,  with  90  degrees  difference  of  temperature  in  each,  the  con- 
densation per  unit  of  surface  in  the  compound  cylinders  would  be, 
say  unity,  or,  considering  the  increase  of  surface,  say  in  effect  twice 
unity,  or  two ;  whereas  the  rates  of  condensation  in  the  single 
cylinder  would  be  at  the  rate  of  two  squared,  or  four.  In  other 
words,  the  double  cylinder  would  save  one-half  the  condensation. 
..Now,  as  in  practice  about  one-half  of  the  total  quantity  of  steam 
used  is  condensed  in  the  cylinder  at  high  degrees  of  expan- 
sion, the  amount  saved  would  be  about  one-half  of  this,  or  say 
25  per  cent.  This  rough  explanation  made  at  that  time  approxi- 
mates the  fact.  On  the  same  basis,  there  should  be  greater  saving 
by  dividing  the  difference  of  temperature  into  three  or  more 
parts,  but  the  complication  resulting  from  the  multiplication  of 
steam  cylinders  and  their  connections  is  not  in  practice  warranted, 
without  raising  the  steam  pressure.  The  later  developments  are  in 
the  way  of  permitting  the  low-pressure  engine  and  intermediate 
cylinder  of  a  triple  compound  engine  to  do  about  the  same  work 
as  the  two  cylinders  of  the  ordinary  compound  engine  did  formerly  ; 
then  to  add  a  third  cylinder  to  be  supplied  with  steam  at  a  higher 
pressure,  to  be  expanded  down  to  substantially  that  formerly  used 
in  the  high-pressure  cylinder  of  a  double-expansion  engine,  which 
now  corresponds  to  the  intermediate  cylinder  of  the  double-expan- 
sion engine.  Steam  which  has  been  reduced  from  a  higher  to  a 
lower  pressure  by  expansion  is  just  as  valuable  for  all  purposes  as 
if  such  lower  pressure  were  obtained  from  a  boiler  direct.  We  say 
the  steam  is  equally  valuable.      This  does  not  include  the  water 
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due  to  the  expansion  and  to  internal  refrigeration.  This  should  be 
removed  or  re-evaporated,  by  a  system  of  steam-jackets,  or  the  full 
benefit  of  the  high  pressure  and  expansion  cannot  be  obtained. 
On  the  same  basis  of  reasoning,  evidently  steam  of  still  higher 
pressure  could  be  expanded  in  a  still  smaller  cylinder,  and  the 
steam  from  this  supplied  to  the  small  cylinder  of  the  triple  expan- 
sion engine,  and  in  this  way  quadruple  and,  by  repeating  the  oper- 
ation, quintuple  expansion  engines  might  be  formed  did  not 
practical  considerations  interfere.  This  branch  of  the  subject  is 
discussed  in  the  accompanying  paper  first  above  referred  to. 

DISCUSSION.* 

Mr.  Cha8.  T.  Porter. — Disregarding  at  present  the  condensa- 
tion of  steam,  as  it  enters  the  cylinder,  we  find  the  economy  of 
an  engine  to  be  shown  by  the  proportion  that  the  mean  effective 
pressure  bears  to  the  terminal  pressure  in  the  cylinder.  The  for- 
mer represents  the  work  done,  the  latter  the  steam  consumed. 

If  in  a  non-condensing  engine,  admitting  steam  full  stroke, 
an  absolute  pressure  of  20  pounds  is  maintained,  and  a  back 
pressure  is  suffered  of  19  pounds,  or  4.3  pounds  above  the 
atmosphere,  then  only  one-twentieth  of  the  steam  is  utilized.  This 
may,  perhaps,  be  taken  as  the  most  wasteful  use  of  steam,  though 
I  have  met  with  worse  cases.  It  will  form  a  good  datum  line — a 
sort  of  sea  level — to  measure  our  elevations  from. 

If  in  a  similar  engine  an  absolute  pressure  of  30  pounds  is 
maintained,  and  a  back  pressure  is  suffered  of  15  pounds  or  .3  of 
a  pound  above  the  atmosphere,  then  one-half  of  the  steam  is 
utilized.  We  have  now  an  immense  advance  in  economy.  The 
same  weight  of  steam  does  10  times  the  work  it  did  in  the  former 
case. 

If  again  in  such  an  engine  an  absolute  pressure  is  maintained 
of  150  pounds,  and  the  same  back  pressure  of  15  pounds  is 
suffered,  we  have  a  second  advance  in  economy,  almost  as  great 
as  the  first  one.  Xow  nine-tenths  of  the  steam  is  utilized.  The 
same  weight  of  steam  does  18  times  the  work  it  did  in  the  first 
case.  This  would  not  be  very  bad  practice.  Probably  a  majority 
of  non-condensing  engines  ran  with  less  economy  than  this. 

•Jointly  with  the  paper  by  same  author  on  the  development  of  tiie  com- 
pound  ENGINE.  AND   THE   LIMIT   OF   STEAM  PRESSURE   IN   MARINE   ENGINES   AND 

boilers  (So.  CCXLVIII.)  -which  precedes. 


484         CYLINDER   CONDENSATION   AND   THE   COMPOUND   ENGINE. 

Now  let  us  cut  off  our  150  pounds  at  £  of  the  stroke.  The 
terminal  pressure  is  37.5  pounds,  so  we  are  using  only  \  as  much 
steam  as  before.  The  mean  effective  pressure  has  fallen,  how- 
ever, only  to  74.5  pounds,  and  so  to  twice  the  terminal  pressure. 
The  same  steam  now  does  twice  the  work  it  did  without  expan- 
sion, or  36  time's  the  work  done  in  the  first  case. 

The  gain  made  by  employing  high  pressures  is  very  great, 
especially  when  working  expansively.  This  will  appear  by  com- 
paring with  the  above  the  inferior  results  got  by  cutting  off  at  the 
same  point,  £  of  the  stroke,  with  ^  of  the  above  pressure,  or  75 
pounds  absolute. 

The  terminal  pressure  is  now  18.75  pounds.  The  mean  effective 
pressure  is  30  pounds,  or  only  1.6  times  the  terminal  pressure. 
28.8  times  as  much  work  is  now  done  by  the  same  weight  of  steam 
as  was  done  in  the  first  case,  instead  of  36  times  as  much.  The 
gain  in  this  class  of  engines  from  using  high  pressure  is  due  to  the 
fact  that  a  smaller  proportion  of  the  total  pressure  is  wasted  in 
overcoming  the  resistance  of  the  atmosphere. 

In  non-condensing  engines,  with  ordinary  pressures,  there  is 
no  gain  made  in  economy  by  cutting  off  earlier  than  \  of  the 
stroke.  In  this  class  of  engines  we  are  absolutely  limited  to 
three  expansions.  If  we  cut  off  earlier  than  this,  we  merely  re- 
duce the  power,  and  so  the  value  of  our  engine,  with  a  loss  instead 
of  gain  in  economy. 

It  is  true  that  if  the  pressure  be  raised,  as  from  60  pounds  to 
100  pounds,  and  so  the  steam  be  cut  off  earlier  to  do  the  same 
work,  the  consumption  will  be  reduced.  This  is  owing  to  the 
higher  pressure.  If  a  smaller  engine  be  substituted,  in  which 
this  higher  pressure  must  follow  to  \  of  the  stroke,  in  order  to  do 
the  same  work,  a  still  further  gain  in  economy  will  be  made. 

The  following  tables  show  the  relation  of  the  mean  effective  to 
the  terminal  pressure,  and  so  the  gain  by  expansion  on  the  theo- 
retical assumptions  of  no  back  pressure  above  the  atmosphere, 
no  waste  room,  and  no  condensation  of  the  entering  steam,  under 
the  two  pressures,  and  for  the  several  points  of  cut-off  taken. 
The  computations  are  made  in  the  most  simple  manner,  without 
regarding  the  effects  of  the  conversion  of  heat  into  work,  or  of 
the  fall  of  temperature  during  expansion.  It  is  desired  that  noth- 
ing shall  call  attention  away  from  the  single  relation  which  is 
presented. 
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TABLE  1. 

ABSOLUTE   PRESSURE,  90   LBS. 


Point  (if 

Terminal 

Mean  Effective 

Katio  of  For- 

Increase in 

Cut-oil. 

Pressure. 

Pre.-sure . 

mer  to  Latter. 

Kaiio. 

1-2  stroke. 

45       lbs. 

01.5    lbs. 

1  to  1.366 

1-3       " 

30 

48.27   '• 

1    "    1.(109 

.243 

1-4       «• 

*22.5     " 

39 

1    "    1.783 

.124 

1-5 

18 

32.28    " 

1    "   1.793 

.060 

1-6       " 

15 

27.18    " 

1    "   1.812 

.019 

1-7       " 

12.86    " 

23.18   " 

1    "   1.803 

—  .009 

1-8       " 

11.25    " 

20 

1    "    1.782 

—  .021 

TABLE   2. 

ABSOLUTE   PRESSURE,  160   LBS. 


1-2  t-tmke. 

80       lbs. 

120.5    lbs. 

1  to  1.5 

1-3       " 

53.33  " 

90.75     " 

1    "    1.814 

.314 

1-4       " 

40 

80.74    " 

1    "   2.018 

.204 

1-5       " 

32 

68.82     " 

1    "   2.15 

.132 

1-6       " 

20.66    " 

59.76     " 

1    "   2.241 

.091 

1-7       " 

22.86    " 

52.64     " 

1    "   2.303 

.062 

1-8       " 

20 

46.88     " 

1    "  2.344 

.041 

The  above  tables  show  the  possible  gains  from  expansion  in 
non-condeDsing  engines  under  these  theoretical  conditions.  It  is 
obvious  that  the  unavoidable  losses  from  early  release,  incom- 
plete exhaust,  waste  room,  and  cylinder  condensation  are  suffi- 
cient to  change  into  positive  losses  the  small  apparent  gains  from 
expanding  below  \  of  the  initial  pressure  with  90  pounds,  or  \ 
with  100  pounds  absolute  pressure. 

In  this  class  of  engines,  when  expansion  is  effected  by  the 
method  of  compounding,  the  limit  of  economic  gain  is  reached 
still  earlier.  Here  there  is  probably  no  advantage  to  be  derived 
from  more  than  two  expansions,  or  expanding  below  one-third  the 
initial  pressure.  The  reason  for  this  earlier  limit  is,  the  loss  of 
pressure  which  is  suffered  when  the  steam  is  transferred  from  the 
high  pressure  to  the  low-pressure  cylinder.  This  loss  is  not  com- 
pensated, except  in  a  slight  degree,  by  diminished  condensation. 
The  condensation  in  a  given  time  varies  in  two  ways — first,  as  the 
difference  between  the  alternate  temperatures  to  which  the  sur- 
faces are  exposed  (not  as  the  square  of  this  difference,  as  errone- 
ously stated  in  the  paper  under  discussion),  and  second,  as  the 
area  of  the  condensing  surfaces. 
32 
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Now  the  aggregate  area  of  condensing  surface  in  the  two  cylin- 
ders of  a  compound  engine  is  greater  than  that  in  a  single  cylin- 
der of  the  same  power.  The  reduction  in  the  loss  from  conden- 
sation which  is  made  in  the  former  is  caused  by  the  fact  that  all 
the  internal  surfaces  of  the  two  cylinders  are  not  exposed  to  the 
highest  and  the  lowest  temperature.  Suppose  the  alternate 
changes  of  temperature  to  be,  as  they  are  approximately  in  prac- 
tice, divided  equally  between  the  two  cylinders,  one-half  in  each. 
Then  if  the  aggregate  condensing  surfaces  in  the  two  cylinders 
were  only  equal  to  that  in  the  one  cylinder,  one-half  of  the  loss 
from  condensation  would  be  avoided,  for  with  the  same  area  of 
surface,  each  square  inch  would  be  exposed  to  only  one-half  the 
changes  of  temperature.  If  the  compound  cylinders  presented 
twice  the  surface  of  the  single  cylinder,  we  would  have  no  saving 
of  condensation,  for  twice  as  many  square  inches  would  be 
exposed,  each  to  one-half  the  differences  of  temperature.  In 
practice,  the  surfaces  of  the  compound  cylinders  are  greater,  but 
not  twice  as  great,  as  those  of  the  corresponding  single  cylinder, 
so  there  is  a  small,  but  only  a  small  gain  in  this  way. 

The  loss  of  pressure  between  the  two  cylinders  renders  com- 
pounding in  this  class  of  engines  a  rude  mode  .of  expansion,  even 
.within  the  narrow  limits  mentioned,  and  one  which  ought  not  to 
be  used  where  it  is  practicable  to  cut  off  in  a  single  cylinder.  The 
large  class  of  engines,  as  steam  pumps,  in  which  the  steam  must 
follow  full  stroke,  affords  the  only  legitimate  field  for  compound- 
ing against  the  atmosphere,  the  resistance  of  which  is  exerted 
against  the  area  of  the  larger  pistou 

It  seems  important  that  a  protest  should  be  made  here  against 
the  absurd  practice  of  compounding  non-condensing  engines,  in 
which  the  steam  can  be  expanded  in  one  cylinder. 

Condensing  engines,  when  compounded  with  steam-jacketed 
cylinders,  show  a  large  gain  in  economy.  The  paper  under  dis- 
cussion attributes  all  this  gain  to  the  avoidance  of  cylinder  con- 
densation, on  the  erroneous  assumption  that  the  condensation 
varies  as  the  square  of  the  difference  between  the  temperatures 
of  the  live  and  the  exhaust  steam,  and  it  says  nothing  at  all  about 
the  additional  work  which  is  done  by  the  steam  when  further  ex- 
panded in  the  second,  or  in  the  second  and  third  cylinders. 

Now  the  fact  is  obvious,  that  this  additional  work  is  very  great. 
While  the  pressure  is  low  on  these  late  expansions,  the  piston 
area  is  so  much  greater,  that  in  triple  expansion  engines  the  last 
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cylinder  does  the  most  work.  This  additional  work  accounts  for 
the  gain  in  economy  several  times  over,  showing  that  this  gain 
must  be  in  a  large  degree  neutralized  by  losses  of  some  kind. 

It  is  worth  while  to  exhibit  this  clearly.  Let  us  suppose  a 
theoretical  case  of  1G0  pounds  pressure  expanded  64  times,  or  to  2.5 
pounds  pressure,  in  three  cylinders,  and  without  loss  in  transmis- 
sion from  one  cylinder  to  the  next  one,  and  thence  to  be  exhausted 
into  a  condenser,  in  which  a  perfect  vacuum  is  maintained — as 
compared  with  the  same  volume  of  steam,  of  the  same  pres- 
sure, exhausted  into  the  same  perfect  vacuum,  without  any 
expansion. 

In  the  last  case  we  have 

160x1=  160 

In   the   first  case,  cutting   off  at  \  stroke  in    each 

cylinder,  we  have 

(1.)  J ~p  x  2.386  =  95-40=55  x  4=  220 

(2.)  V    x  2.386=23.86-10=13.86x16=  220 

(3.)  Y    x  2.386=5.06x64=  380 

Total,  820 

The  final  multipliers,  1,  4,  16,  64,  are  the  product  of  the  cylin- 
der areas  into  the  distances  through  which  the  pressure  acts. 
The  last  cylinder,  though  having  only  5.96  pounds  mean  pressure, 
is  by  far  the  most  efficient,  the  area  being  16  times  that  of  the 
first  one,  and  there  being  no  back  pressure  to  be  deducted. 

The  gain  by  expansion  is  more  than  fourfold.  Of  course, 
these  theoretical  conditions  cannot  be  realized.  But  let  us  see 
how  large  the  margin  is  for  practical  drawbacks. 

For  this  purpose  we  will  compare  this  supposed  case  with  one 
of  90  pounds  pressure,  cut  off  at  \  stroke  and  expanded  against 
the  atmosphere.  In  that  case  we  have  already  seen  the  theoreti- 
cal gain  from  expansion  to  be  73.3  per  cent.  Here  the  theoretical 
gain  is  412  per  cent.,  or  5.62  times  as  much. 

Now  the  former  is  a  familiar  case.  It  is  well  known  that  in 
ordinary  good  practice,  with  common  losses  from  early  release, 
incomplete  exhaust,  waste  room  and  condensation  in  unjacketed 
cylinders,  a  horse-power  is  got  in  this  way  by  the  evaporation  of 
25  pounds  of  water  per  hour.  Here,  therefore,  we  have  a  good 
basis  for  comparison,  and  on  that  basis  the  consumption  of  water 
in  the  three-cylinder  system  should  be  25-f-5.62,  or  less  than  4^ 
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pounds  of  water  per  horse  per  hour.  The  paper  does  not  claim  a 
consumption  to  have  been  reached  so  low  as  three  times  this,  or 
13 1  pounds. 

But  even  supposing  the  expansion  to  have  been  carried  down 
only  to  10  pounds,  or  16  fold,  and  the  steam  to  have  been  ex- 
hausted from  the  second  cylinder  into  the  condenser  against  2 
pounds  pressure,  which  is  ordinary  practice,  then  the  gain  from 
the  16  expansions  should  be  255  per  cent.,  or  3.4  times  as  much 
as  in  the  non-condensing  engine.  This  would  call  for  a  consump- 
tion of  only  7.3  pounds  of  water  per  horse  per  hour,  or  one-half 
the  amount  evaporated  in  practice.  So  it  is  obvious  that  the  gain 
effected  in  compound  engines  is  obtained  wholly  by  the  increased 
number  of  expansions,  in  spite  of  largely  increased  losses,  due 
partly  to  loss  of  pressure  between  the  cylinders  and  partly  to  in- 
creased condensation. 

A  few  words  on  the  assertion  contained  in  the  paper  that  the 
condensation  of  the  steam,  as  it  enters  the  cylinder,  varies  in 
amount  according  to  the  square  of  the  difference  between  its  tem- 
perature and  that  of  the  exhaust  to  which  the  surfaces  had  just 
been  exposed.  That  proposition  will  not  stand  up  very  long  to 
be  looked  squarely  in  the  face. 

It  means  that  if  this  difference  is  100  degrees,  the  condensation 
is  10,000  times  greater  than  if  it  is  one  degree,  or  that,  if  in  the 
latter  case  j^o  of  one  j)er  cent,  of  the  steam  is  condensed,  then, 
in  the  former  case,  it  is  all  condensed,  and  must  be  replaced,  so 
that  the  indicator  can  account  for  only  50  per  cent,  of  the  water 
evaporated.  With  the  difference  named  in  the  paper,  of  180°, 
the  condensation  would  be  32,400  times  as  great  as  it  is  for  a  dif- 
ference of  1°.  Common  experience,  in  the  large  gain  in  economy, 
always  made  by  using  higher  pressures  involving  greater  differ- 
ences of  temperature,  and  by  attaching  condensers  to  non-con- 
densing engines,  which  involves  still  greater  differences,  proves 
that  no  such  ratio  can  exist.  If  it  did,  or  anything  like  it,  the 
result  would  be  loss  instead  of  gain,  in  all  these  cases. 

Mr.  Geo.  H.  Barrns. — I  have  little  to  say  in  regard  to  the  effect 
of  compounding  upon  cylinder  condensation,  but  I  would  call  at- 
tention to  the  matter  of  the  free  expansion  of  steam  without  doing 
work,  and  relate  a  somewhat  remarkable  experience  which  has 
come  to  me,  and  one  which  those  who  do  not  believe  in  conden- 
sation due  to  free  expansion  may,  perhaps,  find  it  hard  to  explain. 
I  am  myself  an  unbeliever  in  this  cause  of  condensation,  and  I 
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take  this  opportunity  in  the  hope  that  discussion  may  make  the 
question  less  obscure. 

In  1877  I  had  the  good  fortune  to  conduct  in  Boston  the  Dixwell 
experiments  on  superheated  steam.  Some  of  the  results  of  two  of 
these  experiments  are  given  in  the  accompanying  table.  The  two 
experiments  referred  to  are  those  numbered  1  and  3.  They  are 
two  of  a  series  made  under  the  direction  of  a  board  of  naval  en- 
gineers, of  which  one  of  our  members,  Chief  Engineer  Loring,  was 
chairman. 

In  the  first  experiment,  which  was  made  at  a  cut-off  of  43.9  per 
cent.,  the  steam  left  the  superheater  at  a  temperature  of  490°,  and 
it  entered  the  steam-chest  at  441°.  Arriving  in  the  cylinder,  the 
temperature  fell  to  300°,  and  in  the  exhaust  pipe  close  to  the 
cylinder  to  210°. 

In  the  third  experiment,  which  was  made  at  a  cut-off  of  67.2 
per  cent.,  the  steam  left  the  superheater  at  a  temperature  of  425°, 
and  entered  the  steam-chest  at  406°.  Here  the  temperature  in 
the  cylinder  fell  to  305°,  and  in  the  exhaust  pipe  to  212°. 

One  of  the  objects  of  the  Dixwell  experiments  was  to  show  that 
in  the  use  of  superheated  steam  there  was  a  great  loss  of  temper- 
ature where  the  steam  entered  the  cylinder,  due  to  the  causes 
which  operate  in  producing  cylinder  condensation.  In  the  dis- 
cussion of  the  results  of  the  experiments  the  question  arose 
whether  it  might  not  be  claimed  that  the  loss  of  temperature 
could  not  be  explained  solely  on  the  ground  of  the  radiation  of 
heat,  which  takes  place  from  the  outside  of  the  cylinder.  It  was 
thought  that  if  the  same  quantity  of  steam  were  passed  through 
the  cylinder  in  a  given  time  which  was  consumed  on  these  experi- 
ments, but  instead  of  running  the  engine,  keeping  it  at  rest,  there 
would  be  no  cooling  effects  except  radiation,  and  the  question  which 
was  raised  would  in  this  way  be  settled  in  a  most  satisfactory 
manner.  Accordingly,  the  two  experiments  referred  to  were  sup- 
plemented by  two  further  experiments  made  with  the  engine  at 
rest,  the  four  valves  wide  open,  and  the  throttle-valve  adjusted  so 
as  to  pass  the  same  quantity  of  steam  through  the  cylinder  in  a 
given  time,  as  was  used  when  the  engine  was  running.  The  re- 
sults of  these  tests  were  given  in  lines  2  and  4  of  the  table.  The 
last  column  gives  the  total  heat  of  the  steam  discharged  to  the 
condenser,  this  serving  at  the  same  time  as  a  calorimeter. 

These  tests  show  that  with  the  shorter  cut-off,  the  running  of  the 
engine  caused  the  temperature  at  the  throttle-valve  to  be  reduced 


490  CYLINDER   CONDENSATION   AND   THE   COMPOU>D   ENGINE. 

8°,  that  in  the  cylinder  71°,  and  that  in  the  exhaust  pipe  148°,  and 
there  was  a  similar  though  not  so  marked  an  effect  in  the  case  of 
the  test  with  the  longer  cut-off. 

There  is  much  here  that  is  worthy  of  study,  but  I  would  direct 
attention  only  to  the  matter  of  the  difference  in  temperature  be- 
tween the  cylinder  and  the  exhaust  pipe  in  the  cases  where  the 
engine  was  in  operation.  There  is  a  difference  of  96°  in  one  case 
and  93°  in  the  other  case,  while  only  19°  and  18°,  respectively, 
occurred  when  the  engine  was  not  running.  I  can  understand  that 
the  cooling  action  which  produces  cylinder  condensation  was  the 
cause  of  the  large  amount  of  cooling  which  took  place  on  the  en- 
trance of  the  steam  to  the  cylinder — 135°  in  one,  and  119°  in  the 
other— but  I  cannot  account  for  the  large  amount  of  cooling  which 
took  place  when  the  steam  left  the  cylinder,  unless  the  free  ex- 
pansion into  the  exhaust  pipe  produced  it. 
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Mr.  Geo.  II  Babcock.— -There  is  no  more  promising  line  of 
inquiry  for  securing  increased  economy  in  steam-engines  than  the 
prevention  of  internal  condensation.  All  the  superior  economy 
of  the  compound  and  triple  expansion  type  of  engines  seems  to 
be  based  upon  their  effect  in  reducing  the  severe  loss  from  this 
cause.  In  fact,  all  other  sources  of  loss  are  apparently  enhanced 
in  the  compound  type,  such  as  larger  clearances,  more  external 
surface  for  radiation,  extra  friction  due  to  increased  number  of 
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working  parts,  and  multiplied  possibilities  of  leakage.  Still,  not- 
withstanding these  apparent  disadvantages  of  the  multiple  cylinder 
engines,  there  is  no  question  but  that  they  do  secure  a  superior 
economy  over  the  single  cylinder  carrying  expansion  to  the  same 
extent.  The  reason  of  this  has  come  to  be  pretty  well  understood 
to  be  the  less  internal  condensation,  owing  to  the  less  differences 
in  temperature,  and  also  to  the  fact  that  the  re-evaporation  in  the 
high -pressure  cylinders  becomes  available  steam  for  use  in  the 
cylinders  to  which  it  is  transferred.  But  I  am  inclined  to  think 
Mr.  Emery  is  mistaken  in  supposing  that  the  internal  condensa- 
tion is  in  the  ratio  of  the  squares  of  the  differences  in  temperature, 
for  the  reason  that  the  conductivity  of  iron  does  not  increase  with 
the  temperature,  but  decreases.  According  to  Forbes'  experi- 
ments, it  would  seem  that  the  conductivity  of  iron  at  the  tempera- 
ture of  300°  is  more  than  seven  per  cent,  less  than  at  212°.  The 
number  of  heat-units  therefore  absorbed  by  a  given  weight  of 
metal  in  a  given  time  will  not  increase  at  a  greater  ratio  than  the 
increase  of  temperature,  but  probably  at  a  lesser  ratio. 

Though  the  fact  of  condensation  in  the  cylinder  was  not  un- 
known to  engineers,  and  its  action  at  each  stroke  was  recognized 
and  described  as  long  ago  as  1855,  by  D.  K.  Clark,  in  his  Railivoy 
Machinery,  yet  Mr.  Emery  was  undoubtedly  the  first  to  suggest  as 
a  remedy  a  non-conducting  lining  to  the  cylinder.  Could  such  a 
lining  of  glass  or  porcelain  as  proposed  by  him  in  1862  be  made 
to  stand  the  action  of  the  steam  as  well  as  the  wear  and  concus- 
sion to  which  it  would  be  exposed  in  use,  it  would  probably  reduce 
the  losses  from  this  cause  to  a  minimum,  and — what  at  first  seems 
like  an  Hibernianism — the  more  economical  the  engine  the  greater 
would  be  the  saving.  It  is  also  evident  that,  could  the  internal 
condensation  be  entirely  suppressed,  there  would  no  louger  be  any 
use  for  the  compound  form  of  engine,  as  the  single  cylinder  would 
be  the  most  economical.  The  problem  is,  however,  more  difficult 
than  at  first  it  would  seem.  The  lining  must  not  only  be  a  non- 
conductor, but  must  withstand  the  temperature  and  dissolving 
action  of  the  steam,  and  must  not  have  such  a  different  co-efficient 
of  expansion  as  to  cause  it  to  crack  and  come  off  under  the 
extreme  temperatures  to  which  it  is  exposed,  and  must  be  capable 
of  being  so  firmly  attached  to  the  metal  as  to  allow  no  entrance 
of  steam  between,  as  it  is  evident  that  a  mere  covering  which 
would  allow  the  steam  to  come  between  it  and  the  metal  would 
magnify,  rather  than  decrease,  the  losses. 
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Various  attempts  have  been  made  to  prevent  internal  conden- 
sation by  maintaining  the  temperature  of  the  metal  as  high  as 
that  of  the  steam.  Steam  jackets  have  been  extensively  used  with 
some  beneficial  results,  which  have  increased  as  the  temperature 
of  the  steam  in  the  jacket  has  exceeded  that  in  the  cylinder. 
Smoke  jackets  have  also  been  used  in  which  the  products  of  com- 
bustion were  admitted.  Apparently  valuable  results  were  obtained 
by  Sir  Daniel  Gooch,  in  locomotive  cylinders,  in  this  way,  in 
1>>50.  Another  method  of  accomplishing  the  same  result  has  been 
to  superheat  the  steam  itself,  so  that  it  may  give  up  sufficient 
heat  to  keep  the  metal  up  to  the  temperature  of  saturated  steam 
of  the  initial  pressure,  without  itself  being  cooled  below  the 
same  point.  This  plan  has  succeeded  well  so  far  as  lessening 
condensation  is  concerned,  but  it  has  always  been  fouud  that, 
when  the  temperature  was  high  enough  to  prevent  condensation, 
lubrication  was  practically  destroyed.  Dixwell  found  that,  by 
superheating  so  as  to  maintain  in  the  cylinder  a  temperature  of 
400°  with  steam  at  a  pressure  of  70  lbs.,  the  condensation  could 
be  reduced  to  a  minimum,  but  it  was  found  to  be  impracticable  to 
maintain  the  superheating  at  this  degree,  because  every  variation 
in  the  cut-off  required  a  corresponding  variation  in  the  initial 
superheating.  This  temperature  he  found  to  be  the  limit  of  pos- 
sible lubrication.  With  a  higher  pressure  that  degree  of  super- 
heating would  not  afford  sufficient  additional  heat  for  the  purpose. 
The  present  tendency  to  high  pressures  seems,  therefore,  to  pre- 
clude the  possibility  of  much  gain  through  superheating,  because 
the  temperatures  are  already  carried  to  very  nearly  the  limit  at 
which  lubrication  can  be  maintained. 

The  depth  to  which  the  surface  is  affected  by  the  alternate 
heating  and  cooling  action  is  very  slight — much  less  than  is  usually 
supposed.  Let  us  assume  that  we  have  a  cylinder  of  usual  pro- 
portions in  marine  engines,  diameter  not  essential,  but  with  4- 
feet  stroke,  using  steam  at  7f>  lbs.  pressure,  and  also  assume  that 
the  condensation  is  as  great  as  50  per  cent,  of  all  the  steam 
used  when  cutting  off  at  |,  or,  in  other  words,  equal  to  the 
steam  required  to  fill  the  cylinder  at  the  point  of  cut-off,  which 
would  be  6  inches.  Let  us  see  how  thick  a  film  of  metal  will  be 
required  to  be  heated  to  absorb  the  latent  heat  of  the  steam  so 
condensed.  Neglecting  the  sides,  we  have  for  each  square  foot  of 
area  of  the  piston,  and  an  equal  area  of  head,  \  a  cubic  foot  of 
mi  to  be  condensed,  or  }  of  a  cubic  foot  per  square  foot  of  sur- 
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face.  Steam  at  this  pressure  weighs  .209  pounds  to  the  cubic 
foot,  making  .052  pounds  of  steam  to  be  condensed  for  each 
square  foot  of  metal.  As  there  is  no  loss  of  pressure,  the  pres- 
sure being  kept  up  by  the  admission  of  more  steam  from  the 
boiler,  each  pound  will  lose  888  heat-units,  and  .052  pounds  46 
*  heat-units.  Assume,  also,  that  the  metal  at  the  beginning  was  at 
the  temperature  of  the  condenser,  120°,  and  that  it  is  heated  to 
the  temperature  of  the  steam,  320°,  a  difference  of  200°.  The  46 
heat-units  will  heat  .023  pounds  of  water  200°.  The  specitic  heat 
of  iron  being  .114,  the  same  quantity  of  heat  would  elevate  the 
temperature  of  .2  pounds  of  iron  the  same  number  of  degrees, 
and  when  we  spread  this  .2  pounds  over  a  square  foot  of  surface 
it  makes  a  film  of  only  .05  of  an  inch  in  thickness.  But  it  is  at 
the  surface  only  that  the  temperature  will  be  320°,  while  each 
parallel  plane  will  be  less,  decreasing  until  we  arrive  at  a  plane  of 
constant  temperature,  which  we  have  assumed  to  be  at  the  tem- 
perature of  the  condenser.  The  depth  of  this  plane  of  constant 
temperature  is  easily  found  by  means  of  the  curve  of  diffusion. 
Let  the  diagram  Fig.  161  represent  a  section  of  surface,  the  hori- 
zontal scale  being  degrees  of  temperature,  and  the  vertical  the 
actual  scale  of  depth.  The  shaded  portion  between  120°  and  320° 
shows  the  distribution  of  the  fluctuating  heat.     For  heat  to  pene- 
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Fig.  161. 


trate  this  distance  in  iron  requires  a  little  more  than  \  of  a 
second,  which  would,  under  the  conditions  assumed,  represent 
about  40  revolutions  of  the  engine  per  minute.  Increasing  the 
speed  will  decrease  the  depth  to  which  the  heat  will  penetrate, 
and  consequently  the  amount  of  condensation,  but  only  in  the 
ratio  of  the  square  root  of  the  speed.  Thus,  to  decrease  the 
condensation  one-half  will  require  four  times  the  speed,  or  160 
revolutions  per  minute.  It  is  evident,  therefore,  that  at  any 
available  speed  the  condensation  would  still  be  great  at  short  cut- 
offs, and  that  no  great  saving  in  this  respect  is  to  be  hoped  for  in 
the  line  of  high  speed. 

We  may  represent  this  condensation  on  a  diagram  by  an  added 
area  which  shows  added  consumption  of  steam,  but  not  increased 
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power,  as  in  this  diagram  (Fig.  162),  in  which  the  shaded  portion 
is  the  area  added  for  condensation.  At  £  cut-off  the  steam  used 
would  be  represented  by  the  parallelogram  A,  M,  O,  C  ;  at  ^  by 
A,  M3  P,  D  ;  at  |  by  A,  M,  Q,  E ;  and  at  full  stroke  by  A,  M,  R  F, 
supposing  the  condensation  to  remain  a  constant  quantity. 

The  loss  would  be  a  variable  percentage  of  the  steam  used,  at 
different  degrees  of  expansion,  as  is  well  known  to  be  the  case. 
Thus,  at  ^  cutoff  it  would  be  50  per  cent.,  at  i,  33'T  per  cent., 
and  at  ^  stroke,  20  per  cent.,  and  at  full  stroke,  only  11  per  cent. 
It  will  not,  however,  be  constant,  as  the  times  of  exposure  to  the 
steam  will  vary,  being  for  the  above  cut-off  as  1,  1-j,  2,  and  4,  and, 
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other  things  being  equal,  the  percentages  would  be  increased  in 
the  ratio  of  the  square  roots  of  these  numbers  and  become  50,  38, 
28,  and  22,  which  probably  represent  about  a  maximum  under  the 
conditions  of  ordinary  practice. 

The  surface  film  affected  by  the  heating  and  cooling  action  in 
the  cylinder  being  so  very  thin,  it  may  be  a  question  whether  the 
ability  for  conducting  heat  has  as  great  an  influence  on  the  result 
as  the  thermal  capacity.  It  is  supposable  that  the  surface  of  even 
a  non-conductor  would  condense  some  steam,  and  that  the  amount 
so  condensed  would  depend  upon  the  capacity  of  that  surface  for 
heat.  This  thermal  capacity  may  be  defined  as  specific  heat  by 
volume,  and  is  proportioned  to  the  product  of  the  specific  heat 
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into  the  specific  gravity.  If  time  did  not  enter  into  the  problem, 
this  would  be  the  only  element  determining  the  amount  of  con- 
densation, but  as  time  is  involved  and  the  film  has  had  appreciable 
depth,  that  depth  for  equal  times  will  depend  upon  the  conductiv- 
ity of  the  substance  composing  the  surface.  The  relative  effect, 
therefore,  of  any  two  surfaces  in  producing  the  condensation 
under  discussion  will  be  dependent  upon  three  things  :  1st,  The 
depth  to  which  the  heat  will  penetrate  in  a  given  time,  which  is 
determined  by  the  conductivity  of  the  material ;  2d,  the  weight 
of  that  film  of  material,  which  is  determined  by  its  specific  gravity ; 
and  3d,  the  amount  of  heat  required  to  raise  that  weight  of 
material  to  a  given  temperature,  which  is  determined  by  its 
specific  heat.  The  value  of  any  given  material,  therefore,  for  the 
surface  of  a  cylinder  for  this  purpose  will  probably  be  inversely 
as  the  product  of  these  three  quantities,  or  what  Sir  William 
Thompson  calls  the  "  thermal  diffusivity"  of  the  substance. 

The  actual  conductivity  of  substances  we  know  very  little  about. 
In  fact,  Sir  William  Thompson,  in  his  article  on  heat  in  the  Ency- 
clopcedia  Britannica,  ventures  to  give  it  but  for  two  metals,  copper 
and  iron.  We  may,  however,  use  ihe  comparative  values  obtained 
by  Weidmann  and  Franz  to  ascertain  the  relative  values  of  differ- 
ent metals  and  porcelain  for  this  purpose : 


Substance. 


Silver. .  . . 
Copper. .  . 

Iron 

Tin 

Lead 

Bismuth  . 
Porcelain. 


Conductivity 


100. 

73.6 

11.9 

14.5 

8.5 

1.8 

.36 


b 

c 

S  p  e  c  i  f  i  c 

Specific 

gravity. 

heat. 

10.47 

.0570 

8.92 

.0951 

7.85 

.1298 

7.29 

.0502 

11.31 

.0314 

9.y2 

.0308 

2.38 

.198 

Diffusivity 

ax  b  xc . 


59  68 

62.43 

12.12 

5.94 

3.02 

.544 

.169 


Ratio. 


4.922 
5.149 
1.000 
.489 
.248 
.0449 
.0140 


Rate  of 
expansion. 


194 
186 
119 
230 
280 
133 


Among  the  metals  bismuth  stands  by  far  the  highest.  A  cyl- 
inder made  of  it  would  show  but  1-22  the  condensation  of  iron 
under  the  same  conditions.  Besides,  it  has  approximately  the 
same  expansion,  so  that  it  would  not  tend  to  separate  under 
differences  of  temperature,  if  plated  upon  iron.  It  is  true  that 
porcelain  presents  a  higher  possible  saving,  but  it  has  great  dif- 
ficulty of  application. 

The  evident  advantages  of  bismuth  as  a  lining  for  steam  cyl- 
inders, particularly  on  those  parts  which  are  not  exposed  to  wear, 
led  me  to  expend  considerable  time  and  some  money  toward  se- 
curing a  practical  realization  of  its  benefits,  but  thus  far  without 


496  CYLINDER   CONDENSATION   AND   THE   COMPOUND   ENGINE. 

any  success.  The  thickness  of  such  a  lining  would  not  have  to 
be  great  and  therefore  not  expensive,  if  it  could  be  applied  ;  1-64 
of  an  inch  would,  I  think,  be  ample  under  all  circumstances.  This 
I  attempted  to  secure  by  electrical  deposition,  but  was  balked  by 
an  unforeseen  difficulty — that  of  the  extremely  low  electrical  con- 
ductivity of  the  material.  It  was  possible  to  make  a  mere  surface 
coating  of  bismuth  upon  another  metal,  but  immediately  this  ar- 
rived at  an  appreciable  thickness  it  was  found  impossible  to  deposit 
any  more  of  the  metal  thereon ;  subsequent  deposits  taking  the 
form  of  non-adhesive  black  powder.  We  succeeded  in  covering  the 
surface  by  securing  thereto  a  sheet  of  the  metal  securely  fastened, 
but  this  also  proved  abortive  from  another  unforeseen  difficulty. 
Although  this  metal  does  not  melt  below  a  temperature  of  500°, 
it  apparently  becomes  soft  at  the  temperature  of  the  steam,  the 
impact  of  which  broke  the  bismuth  up  into  fine  particles  in  the 
vicinity  of  the  ports,  and  these  found  their  way  out  through  the 
exhaust  pipe. 

The  ideal  substance  for  this  purpose  is  an  ideal  varnish  which 
shall  have  a  very  low  theimal  difrus-ivity  and  be  capable  of  stand- 
ing the  action  of  high  pressure  steam.  I  am  not  without  hope  that 
this  may  yet  be  discovered.  Meanwhile  we  have  to  be  content 
with  what  can  be  obtained  by  multiplication  of  cylinders  with  all 
its  attendant  expense  and  inconvenience. 

I  would  further  add,  in  reference  to  the  gain  from  the  principle 
of  compounding,  that  Mr.  J.  P.  Hall  recently  read  a  paper  before 
the  North-East  Coast  Institute  of  Engineers  and  Shipbuilders, 
giving  a  shipowner's  view  of  the  relative  value  of  compound  and 
triple  expansion  engines.  Comparing  12  ships  with  compound 
engines  with  9  others  with  triple-expansion  engines,  and  reducing 
them  to  a  common  standard  of  10  knots  per  hour  with  1.000  tons 
weight  carried  1,000  knots,  all  in  "  reasonably  fine  weather,"  he 
found  an  average  of  about  25  per  cent,  in  favor  of  the  triple-ex- 
pansion, both  on  "  displacement "  and  "  deadweight "  performance. 
Mr.  Joseph  Morgan,  Jr. — Mr.  Emery's  remarks  indicate  a 
disposition  to  force  steel  manufacturers  to  defend  themselves. 
He  asserts  that  steel  can  no  longer  be  considered,  in  a  com- 
mercial sense,  better  than  iron.  This  is  not, the  fact.  In  good 
practice,  with  the  same  attention  to  details  of  selection  of 
stock  and  methods  of  manufacture,  greater  uniformity  and  re- 
liability of  product  can  be  looked  for  in  steel  than  in  iron 
plates.     There   are  twice  as  many  well-managed  concerns  now 


CYLINDER   CONDENSATION   AND   THE   COMPOUND   ENGINE.  497 

making  steel  boiler  plates  as  there  were  five  years  ago,  and  the 
knowledge  of  the  properties  of  steel  and  proper  methods  of  its 
manufacture  is  greater  now  than  then.  In  our  own  works,  in  the 
management  of  several  hundred  boilers,  many  of  which  were  built 
of  iron  in  former  years,  we  have  uniformly  used  steel  in  recent 
construction  from  a  conviction  of  its  greater  fitness  for  boiler 
work.  All  our  breakages  of  boiler  plates  in  actual  use  have  been 
of  the  iron  plates.  Some  of  these  breakages  have  been  startling, 
though  fortunately  without  disaster,  and  we  unhesitatingly  decide 
in  favor  of  steel,  with  which  our  experience  on  nearly  one  hundred 
boilers  has  been  uniformly  good  and  so  far  absolutely  without 
break  or  crack  in  use. 

Our  boiler  makers  prefer  to  work  steel,  as  there  are  few  or  no 
wasters  in  flanging  work.  This  is  the  experience  in  all  boiler  shops. 
There  is  no  reason  why  manufacturers  of  steel  boiler  plate  should 
be  less  conscientious  than  the  makers  of  iron  plates.  There  are 
fewer  of  the  steel  makers,  their  plants  are  more  modern,  better 
fitted  to  roll  sizes  now  asked  for,  and  their  process  is  cheaper  for 
high  grades.  There  has  been  also  a  substantial  advance  in  the 
metallurgy  of  steel  in  cheapening  the  material  which  it  is  necessary 
to  put  in  best  grades  of  plates.  Mr.  Wellman  has  been  one  of  the 
pioneers  in  that  way  in  developing  the  puddling  business,  and  so 
getting  cheaper  stock  than  the  charcoal  blooms  before  used  for 
best  plate  ;  and  at  Cambria  Works  we  have  developed  another 
method,  the  Krupp  washing  process,  of  dephosphorizing  pig-iron 
and  getting  cheap  pure  stock  in  that  way,  so  that  steel  men  are 
able  to  meet  the  cheaper  market  and  be  conscientious  at  the  same 
time. 

There  is  one  misconception  of  the  reason  why  thick  plates  are 
not  as  good  as  thin  ones  which  seems  to  run  through  all  the  liter- 
ature on  the  subject.  The  statement  is  made  that  to  make  a  good 
thick  plate  it  is  necessary  to  raise  the  carbon  to  get  the  tensile 
strength.  This  is  not  the  case  if  a  proper  amount  of  work  is  put 
on  the  ingot.  If  an  attempt  is  made  to  reduce  an  8-inch  ingot  to 
an  inch  and  a  half  or  inch  and  a  quarter  or  inch  plate,  and  get 
the  same  elastic  limit  and  ultimate  strength  as  if  the  same  ingot 
was  rolled  to  a  quarter  inch  plate  in  the  same  mill,  it  will  not  suc- 
ceed. But  if  an  ingot  of  a  proper  size  is  reduced,  and  the  proper 
amount  of  work  is  put  upon  it,  the  inch  plate  will  certainly  show 
as  good  a  quality  as  the  quarter  inch  plate.  It  is  not,  therefore, 
necessaiy  to  use  higher  carbon  in  thick  plates. 
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Mr.  Allan  Stirling. — I  think  it  is  rather  late  in  the  day  for  Mr. 
Eineiw  to  say  that  there  is  any  question  as  between  iron  plates 
and  steel  plates  for  boilers.  I  think  I  may  say  that  ten  years  ago 
that  question  was  settled  completely,  and  that  locomotive  men 
are  using  steel  plates  entirely  for  boilers.  Of  two  or  three  hun- 
dred locomotives  which  wTere  under  my  charge  some  eight  years 
ago,  I  am  sure  there  was  not  an  iron  plate  in  any  one  of  them.  In 
ordering  some  boilers  some  few  months  ago,  I  had  no  hesitation  in 
specifying  steel  from  any  one  of  three  steel  works,  feeling  confident 
that  I  would  get  steel  of  the  quality  necessary  for  that  work.  We 
have  with  us  to-night  one  gentleman  from  whom  I  would  order  steel 
with  the  utmost  assurance  that  I  would  get  a  material  which 
would  meet  all  tjie  requirements  of  first-class  boiler  work. 

Mr.  George  S.  Strong. — I  should  like  to  say  a  word  in  regard  to 
this  steel  question.     I  was  talking  a  short  time  ago  in  regard  to  it 
to  the  mechanical  engineer  of  one  of  our  leading  railroads,  and  I 
asked  hi  in  if  there  was  any  trouble  about  getting  steel  plates  to 
meet  their  specifications.     He  said  no,  and  that  although  their 
specifications  were  very  rigid  and  very  stringent  in  regard  to  the 
qualitjT  of  steel  in  every  respect,  as  well  as  to  the  thickness  of  the 
plates,  they  found  no  difficulty  whatever  in  getting  plates  to  meet 
their  requirements,  not  only  from  one  mill,  but  from  quite  a  num- 
ber.    I  myself  am  now  building  boilers  in  which  we  require  very 
thorough  annealing.     Our  furnaces  are  corrugated,  and  the  shells 
are  welded,  and  all  this  work  requires  a  material  which  will  stand 
the  weldiug,  corrugating,  flanging,  etc..  without  any  indications  of 
cracking,  and  we  use  steel  with  the  utmost  assurance,  which  is 
more  than  we  do  wTith  any  iron  we  can  get.     In  fact,  the  Leeds 
company,    who    are   the    manufacturers  of    the    corrugated  fur- 
nace in  England,  when  they   started  manufacturing  these   corru- 
gated furnaces,  took  iron  plate  and  found  they  could  not  depend 
on  it.     Then  they  started  to  roll  plates  of  the  right  size,  of  steel, 
and  since  they   adopted  steel  plates   they  have  had  very  little 
trouble  with  their  furnaces.     Before  that  they  never  knew  when 
they  were  going  to  have  a  blister  on  a  furnace.     We  find  in  weld- 
ing to-day  that  we  can  weld  with  more  assurance  the  steel  than 
we  can  the  iron. 

The  President. — Before  calling  on  Mr.  Emery  to  close  the  dis- 
cussion, 1  will  say  also  just  a  word  in  regard  to  the  steel  plate 
matter.  Mr.  Stirling  is  undoubtedly  correct  in  regard  to  boiler 
makers.     Experience  has  taught  them  that  steel  is  better  than 
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iron.  Still  there  is  a  great  deal  of  prejudice  against  steel  and  in 
favor  of  iron.  I  happen  to  know  of  a  case  in  which  a  company 
building  a  mill  for  the  purpose  of  manufacturing  steel  put  it  in 
their  specifications  for  boilers  that  the  shells  must  be  made  of 
wrought  iron. 

Mr.  F.  R.  Hutton. — In  connection  with  the  above  paper  on 
Cylinder  Condensation,  etc.,  Mr.  Walter  C.  Kerr,  of  Westinghouse, 
Church,  Kerr  &  Co.,  sent  a  letter  to  me  before  the  meeting,  stat- 
ing that  the  prefatory  note  embodied  in  the  specifications  of  the 
United  States  Letters  Patent  referred  to  in  the  paper  contained 
an  interesting  discussion  of  the  subject  of  Cylinder  Condensation, 
and  the  economy  of  steam,  and  suggesting  that  the  same  was 
worthy  of  reproduction  in  shape  where  it  could  be  readily  con- 
sulted. On  examining  the  introduction  it  appeared  to  be  a  valua- 
ble contribution  to  the  subject,  which,  though  written  over  twenty 
years  ago,  had  been  practically  inaccessible.  It  has,  therefore, 
been  decided  to  publish  the  same  in  full  as  part  of  the  discussion 
on  this  subject. 

It  will  be  observed  from  the  last  two  paragraphs  that  the  pat- 
ent was  on  the  application  of  Non-Conducting  Linings  in  Steam 
Cylinders,  the  subject  heretofore  discussed  by  Mr.  Emery  in  con- 
nection with  one  of  the  Topical  Questions.  (See  Transactions, 
Vol.  VII.,  page  375.) 

EXTRACT   FROM    UNITED   STATES   LETTERS   PATENT,   NO.     70707, 

DATED    NOVEMBER    12,  1867,    GRANTED    TO    CHARLES    E. 

EMERY  FOR  IMPROVEMENT   IN   STEAM   ENGINES. 


"  It  is^a  patent  fact  that  the  best  steam-engines  utilize  only  one- 
tenth  to  one-ninth  of  the  heat  in  the  steam  used.  Scientific  men 
speak  of  the  loss  as  unexplained,  and  state  that  the  steam-engine 
is  yet  in  its  infancy,  and  that  no  considerable  improvement  has 
been  made  in  it  since  the  days  of  Watt.  In  spite  of  all  the  efforts 
of  inventors  to  economize  fuel,  the  fact  still  stares  them  in  the 
face  that  nearly  ninety  per  cent,  of  the  steam  is  wasted. 

Many  experiments  have  been  made  with  superheated  steam, 
and  that  principle  may  undoubtedly  be  carried  with  economy  as 
far  as  mechanical  means  will  allow.  Most  attention,  however,  has 
probably  been  paid  to  the  enormous  profits  promised  by  theory 
from  the  expansion  of  steam  ;  but  it  is  well  known  that  the  ex- 


500  CTLINDER   CONDENSATION   AND   THE   COMPOUND   ENGINE. 

pected  gains  from  this  source  have  never  been  practically  realized. 
Compared  with  full-stroke,  the  theoretical  gain  by  cutting  off 
steam  at  half-stroke  is  sixty-nine  per  cent.  At  quarter-stroke  it 
is  one  hundred  and  thirty-eight  per  cent.,  and  increases  with  the 
grade  of  expansion.  Notwithstanding  this,  it  is  doubtful  if  again 
of  fifty  per  cent,  has  ever  been  obtained  in  practice,  which  could 
all  be  attributed  to  expansion  alone,  rather  than  to  differences  in 
pressure,  superheating,  or  some  circumstance,  often  used  in  con- 
nection with  expansion,  and  for  which  that  principle  has  the 
credit,  but  which,  in  fact,  increases  proportionally  the  economy 
of  the  power  nearly  as  much  at  one  grade  of  expansion  as  another. 
Though  many  will  deny  this,  the  small  percentage  of  the  theoreti- 
cal performance  utilized  in  the  best  steam-engines,  using  expan- 
sion in  the  most  approved  manner,  shows  that  there  is  a  discrep- 
anc}T  somewhere.  .Still  it  is  to  the  expansion  of  steam  that  we 
should  look  for  further  economy.  ^» 

A  steam-engine  is  simply  a  heat-engine.  Water  takes  up  the 
heat ;  steam  is  the  result.  If  steam  be  expanded,  work  is  done. 
A  quantity  of  heat  the  mechanical  equivalent  of  the  Work  done 
disappears,  and  leaves  its  vehicle — the  water — in  its  original  con- 
dition. In  other  words,  steam  is  condensed.  Theoretically,  we 
should  be  able  to  carry  on  the  expansion  till  the  heat  force  is  all 
utilized  and  the  steam  all  becomes  water.  Practically,  the  steam- 
pressure  can  never  be  economically  reduced  below  that  necessary 
to  equilibrate  the  resistances  incident  to  the  engine  itself.  Up  to 
this  point,  then,  we  should  expect  gain  ;  still  we  do  not  in  practice 
realize  it. 

Modern  discoveries  in  science  have  pointed  out  no  reason  why 
this  is  so.  They  only  show  that  the  pressure  must  reduce  faster 
than  the  ordinates  of  a  hyperbolic  curve,  on  account  of  condensa- 
tion due  to  wTork  done  and  varying  temperature.  Then,  since  the 
theory  of  expansion  is  so  conclusive,  and  we  are  not  able  to  obtain 
results  in  accordance  therewith,  should  we  not  look  carefully  at 
the  practical  side  of  the  question,  and  strive  to  find,  in  the  mate- 
rials used,  or  in  their  form,  disposition,  or  movements,  some  fault 
to  which  may  be  attributed  the  losses  ?  First,  we  must  allowr  that 
a  steam-engine  cylinder  appears  to  hold  the  steam,  and  that  the 
operation  of  the  valve-gear  and  piston  and  its  connections  un- 
doubtedly permits  its  expansion,  and  transmits  the  force  derived 
therefrom  to  the  desired  point.  I  say  the  cylinder  appears  to 
hold  the  steam.     Now,  what  is  steam  ?     We  may  say  water  which, 
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by  the  action  of  heat,  has  bad  work  done  upon  its  particles,  sep- 
arating and  agitating  them.  Less  literally,  it  is  simply  water  and 
heat.  Does  the  cylinder  hold  both  ?  Put  your  hand  on  it  and 
see.  Ah !  your  flesh  is  not  wet,  but  is  burned — that  is,  the  cylin- 
der holds  water,  but  not  heat.  It  is,  in  fact,  ready,  at  the  first 
opportunity,  to  give  away  the  very  force  we  wish  to  utilize.  Your 
hand  robbed  the  cylinder  of  a  little  heat,  the  cylinder  robbed  the 
inclosed  steam,  leaving  a  little  useless  water.  However,  we  ex- 
pect loss  from  the  outside,  and  guard  against  it  by  a  covering  of 
felt  or  similar  material. 

Let  us  inquire  if  any  similar  loss  can  take  place  on  the  inside. 
There  is  nothing  but  steam  there,  you  say.  Why  was  your  hand 
burned  ?  Simply  because  it  was  colder  than  the  metal.  Is  the 
steam  ever  cooler  than  the  metal  ?  Certainly  it  is,  at  the  very 
time  it  is  going  out  of  the  cylinder,  and  can  carry  all  the  heat  it 
receives  away  to  waste. 

The  differences  in  temperature  inside  a  steam-cylinder  during 
a  double  stroke  of  the  piston  are  very  considerable.  The  steam 
enters  usually  at  nearly  the  boiler  pressure  and  temperature,  and 
if  it  be  expanded  the  temperature  necessarily  falls  from  the  time 
the  cut-off  valve  closes  to  the  end  of  the  stroke.  When  the  ex- 
haust-valve opens,  the  temperature  again  falls  to  that  due  to  the 
back  pressure.  For  example,  if  steam,  admitted  to  the  cylinder 
at  a  pressure  of  thirty-five  pounds  per  square  inch  above  the 
atmosphere,  be  cut  off  at  a  quarter  of  the  stroke  from  the  begin- 
ning, and  at  the  end  exhausted  into  a  condenser  against  a  back 
pressure  of  two  pounds,  its  temperature  during  the  first  quarter  of 
the  stroke  will,  in  round  numbers,  be  280°  Fahrenheit,  and  grad- 
ually fall  to  205°  at  the  end  of  the  stroke,  when,  after  the  exhaust, 
it  will  be  suddenly  reduced  to  130°,  remaining  so  during  the  whole 
return-stroke.  The  metal  of  the  cylinder  at  first  necessarily  becomes 
nearly  as  hot  as  the  boiler-steam ;  but  when  the  communication 
with  the  boiler  is  shut  off,  the  temperature  of  the  confined  steam 
at  the  end  of  the  stroke  becomes  75°  lower  than  that  of  the  metal, 
and  the  difference  increases  to  150°  when  the  exhaust  takes  place, 
and  remains  so  during  the  entire  return-stroke. 

Tyndall  has  shown  that  aqueous  vapor  is  a  very  powerful  absorb- 
ent of  radiant  heat.  When,  then,  as  we  have  shown,  the  tem- 
perature of  the  metal  of  a  steam-cylinder  is  so  much  higher  than 
that  of  the  inclosed  steam,  a  great  deal  of  heat  must  be  radiated 
from  the  metal,  absorbed  by  the  steam,  and  carried  with  it  out  of 
33 
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the  cylinder.     The  heat  radiated  from  the  metal  must  be  re-sup- 
plied fi'om  the  incoming  boiler-steam  to  adjust  the  temperatures. 

When  the  boiler  furnishes  saturated  steam,  since  that  is  its 
maximum  density,  as  steam,  at  the  point  of  saturation,  no  heat 
can  be  taken  from  it  without  producing  condensation.  Hence  the 
heat  required  to  reheat  the  cylinder  and  that  transmuted  into 
work  both  produce  condensation.  A  portion  of  the  steam  yields 
up  its  latent  heat  and  collapses  from  the  volume  of  steam  to  that 
of  water  at  the  same  temperature.  So  long  as  the  steam-valve  is 
open,  new  steam  enters  to  keep  up  the  pressure.  Hence  it  often 
occurs,  in  practice,  that  twice  as  much  steam  is  used  as  is  required 
bv  calculation.  There  is  nothing  strange  in  this  if  the  metal  of 
the  cvlinder,  at  the  beginning  ot  each  stroke,  is  cool  enough  to 
condense  about  half  the  steam  that  enters.  With  superheated  steam 
the  effect  is  similar,  though  no  condensation  need  take  place. 
The  free  superheat  goes  to  supply  that  necessary  to  reheat  the 
cylinder  and  perform  the  work.  This  decreases  the  volume,  and 
while  the  steam  valve  is  open  more  steam  flows  in  to  keep  up  the 
pressiu*e.  The  density  is  thereby  increased,  and,  like  saturated 
steam,  it  requires  a  larger  quantity  of  boiler-steam  to  maintain  the 
initial  pressure  and  temperature. 

Let  us  now  carefully  follow  the  steam  through  the  cylinder  of 
an  engine,  explaining  the  changes  which  take  place  upon  the 
principles  above  stated.  The  metal  of  the  cylinder  being  some- 
what cooled  during  a  previous  stroke,  in  the  manner  pointed  out, 
sufficient  steam  enters  not  only  to  fill  the  space,  but  to  reheat  the 
metal  and  keep  up  the  initial  pressure.  The  steam  is  shut  off, 
expansion  takes  place,  and  soon  the  temperature  of  the  steam  be- 
comes lower  than  that  of  the  cylinder.  The  metal,  in  turn,  be- 
comes the  heater.  It  re-evaporates  whatever  water  is  in  contact 
with  it,  and  radiates  its  heat  into  the  steam,  and  thus  superheats 
it,  or  re-evaporates  the  suspended  watery  particles  of  condensation, 
as  the  case  may  be.  All  the  heat  taken  from  the  metal  during 
the  steam-stroke  is  utilized,  for  it  increases  the  volume  or  pressure 
of  the  steam,  and  thereby  produces  a  dynamic  effect  on  the 
piston.  When  the  exhaust  takes  place,  however,  all  the  heat  re- 
quired to  re-evaporate  the  water  on  the  surfaces,  all  that  can  be 
radiated  from  the  metal  and  absorbed  by  the  steam,  and  that  re- 
ceived by  the  steam  by  direct  attrition  against  the  heated  sides  of 
the  cvlinder  and  narrow  ports  during  the  time  of  the  whole  return- 
stroke,  is  carried  away  out  of  the  cylinder,  aud,  for  the  purpose  of 
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work,  entirely  wasted.  All  tins  heat  has  to  be  supplied  at  every 
stroke,  to  be  again  and  again  wasted  and  resupplied.  The  lost 
heat  is  furnished  by  an  additional  quantity  of  steam,  which  un- 
fortunately enters  and  leaves  the  cylinder  without  showing  its 
presence  by  an  increase  of  pressure  ;  wherefore  calculations  to  de- 
termine the  quantity  of  steam  used  are  necessarily  incorrect  when 
founded,  as  is  usual,  upon  the  terminal  pressures  shown  by  indi- 
cator-diagrams. 

In  the  famous  Erie  expansive  experiments  it  was  found  that  at 
the  higher  grades  of  expansion  from  forty  to  forty-five  per  cent. 
more  steam  entered  the  cylinder  than  was  accounted  for  by  cal- 
culation from  the  terminal  pressure.  About  eight  per  cent,  of  this 
was  condensed  to  furnish  heat  for  the  work  ;  the  rest  was  absolute- 
ly wasted.  Bourne  mentions  that  in  one  of  the  noted  double- 
cylinder  pumping-engines  in  England  thirty-three  per  cent,  of  the 
steam  was  unaccounted  for  by  the  indicator.  In  small  eugines 
the  discrepancy  often  amounts  to  two-thirds  of  the  steam  used. 

It  would  seem  to  be  impossible  for  an  engine  to  work  when  so 
much  of  the  steam  is  condensed  in  the  cylinder.  Now,  Tyndall 
has  shown  that  a  good  absorbent  is  necessarily  also  a  good  radia- 
tor. So,  when  steam  enters  a  cooled  cylinder,  though  some  water 
may  be  condensed  on  the  surfaces,  like  dew,  the  whole  body  of 
the  steam  is  also  chilled  by  radiation,  and  the  condensed  water 
left  suspended  in  the  steam  in  a  fog  or  cloud.  A  small  quantity 
of  water  may  possibly  beheld  invisibly  suspended,  like  the  aqueous 
vapor  in  the  atmosphere  ;  but  larger  amounts  undoubtedly  form  a 
cloud,  from  which,  when  the  abstraction  of  heat  is  carried  suf- 
ficiently far,  water  probably  drops  like  rain. 

The  quantity  of  steam  necessary  to  reheat  the  cylinder  should 
increase  slightly  with  the  grade  of  expansion,  for  the  metal  is  ex- 
posed to  a  temperature  lower  than  its  own  for  a  larger  portion  of 
each  stroke.  But  since  less  steam  enters  the  cylinder  at  the 
higher  grades,  not  only  the  quantity  required  for  reheating,  but 
also  that  condensed  for  the  work,  must  form  a  larger  proportion 
of  the  whole  quantity.  In  other  words,  the  percentage  of  water 
condensed  and  unaccounted  for  by  the  indicator  must  increase 
with  the  grade  of  expansion,  at  least  up  to  a  point  where  the 
metal  is  heated  and  cooled  all  that  is  possible  in  the  time  of  a 
double  stroke. 

In  accordance  with  the  principles  above  adopted  to  explain  the 
losses  in  the  steam-engine,  we  may  account  for  the  gains  which  are 
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obtained  by  some  forms  of  construction,  and  reconcile  many 
statements  which  appear  contradictory. 

First,  then,  it  is  well  known  that  large'  engines  are  more  eco- 
nomical than  small  ones,  even  when  using  steam  with  the  same 
degree  of  expansion.  We  can  understand  this  from  the  fact  that, 
as  the  cylinder  is  enlarged,  the  ratio  of  radiating-surface  to  capac- 
ity is  proportion  ably  diminished,  and  the  metal  also  is  farther 
removed  from  the  main  body  of  the  steam. 

Again,  the  Cornish  engine  is  often  referred  to  as  a  model  of 
economy,  and  an  example  of  the  efficiency  of  extreme  expansion. 
Others  adopt  the  same  pressure  of  steam  and  the  same  grade  of 
expansion,  but  do  not  realize  the  same  degree  of  economy.  Why 
is  this  ?  Now,  Cornish  boilers  are  very  economical ;  but  that 
will  not  account  for  all  the  gain.  On  the  principle  above  stated, 
we  find,  first,  that  Cornish  engines  are  generally  large,  and  for 
that  reason  economical.  But  more  than  this,  they  are  single-act- 
ing. The  hot  boiler-steam  never  touches  the  coolest  portions  of 
the  cylinder.  It  enters  only  at  the  top,  and  presses  down  the 
piston  until  the  beam  and  heavy  pump-rods  are  put  in  motion. 
The  steam  is  then  shut  off,  and  the  stroke  completed  by  expan- 
sion. As  the  steam  lowers  in  temperature,  the  surrounding  metal 
is  correspondingly  cooled.  The  return-stroke  is  accomplished  by 
the  weight  of  the  pump-rods,  and  the  piston  simply  displaces  the 
steam  from  one  end  of  the  cylinder  to  the  other  through  the  equi- 
librium-valve. The  upper  or  hot  end  of  the  cylinder  is  never  in 
connection  with  the  condenser,  and  the  cool  end  is  at  no  time  in 
direct  communication  with  the  boiler.  Is  it  strange  that  greater 
economy  can  be  obtained,  using  such  an  instrument  as  this,  rather 
than  a  double-acting  cylinder,  each  end  of  which  must  be  heated 
and  cooled  at  every  stroke? 

Again,  the  double-cylinder  engine  is  considered  very  econom- 
ical, and  properly  so,  for  the  small  cylinder  is  never  in  communi- 
cation with  the  condenser.  The  heat  radiated  from  it  is  utilized 
on  the  large  piston,  which  stands  like  a  screen  to  prevent  its  going 
entirely  to  waste.  Viewing  the  matter  in  this  light,  it  is  probable 
that  the  economy  of  the  present  double-cylinder  engine  could  be 
increased  by  making  less  difference  in  the  size  of  the  cylinders 
than  is  usual. 

Great  differences  of  opinion  exist  as  to  what  is  the  most  eco- 
nomical point  of  cut-off  in  the  ordinary  double-acting  engine. 
There  is  an  undoubted  gain,  within  reasonable  limits,  when  the 
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higher  grades  of  expansion  have  the  benefit  of  higher  pressure 
steam  than  the  lower  grades,  which  is  the  only  practical  way  of 
testing  the  matter  when  doing  the  same  work  in  the  same  engine 
and  with  the  same  piston  speed.  But  moderate  expansionists 
saj  that  they  are  entitled  to  as  high  a  pressure  of  steam  as  is 
used  in  any  case,  and  that  they  can  thereby  employ  a  smaller 
engine  with  no  greater  loss  than  is  compensated  for  by  dimin- 
ished first  cost,  and  increased  simplicity  and  reliability.  The 
point  about  steam  pressure  is  well  taken  ;  but  they  forget  that 
when  doing  the  same  work  with  the  same  pressure  of  steam  in- 
creased expansion  not  only  necessitates  a  larger  engine,  but  brings 
the  economy  due,  as  above  explained  to  a  large  engine  j?er  se. 
It  is  believed,  therefore,  that  the  views  of  the  non- expansionists  are 
not  upheld  by  facts.  This  is,  however,  a  limit  to  the  application 
of  the  principle  of  expansion  in  engines  as  at  present  constructed, 
the  best,  as  has  already  been  said,  utilizing  only  one-tenth  of 
the  heat. 

I  have  above  stated  my  theory  fully,  and  have  given  some 
examples  of  its  practical  application.  Still,  many  may  doubt  that 
a  cause  apparently  so  small  can  produce  such  large  and  injurious 
effects.  I  would,  however,  call  attention  to  the  fact  that  Tyndall, 
when  experimenting  with  the  very  things  that  we  have  been  discuss- 
ing— viz.,  the  vapor  of  water  and  radiant  heat — made  discoveries 
still  more  incredible.  He  found  that  the  invisible  aqueous  vapor 
present  at  all  times  in  the  atmosphere  had  seventy  times  the 
absorptive  effect  on  radiant  heat  of  dry  air.  Any  person  who 
will  carefully  read  his  remarks  on  this  subject,  in  connection 
with  a  careful  study  of  the  changes  of  temperature  that  occur  in  a 
steam-cylinder,  which  in  fact  confines  a  kind  of  aqueous  vapor 
within  radiating  surfaces,  will,  I  think,  agree  with  me  as  to  the 
nature  of  the  losses  which  are  found  in  practice. 

To  prevent  these  losses,  I  long  ago  proposed  to  make  the  inte- 
rior surfaces  of  a  steam  cylinder  of  a  poor  conductor  or  a  poor 
radiator  of  heat ;  but  I  found  that  Tyndall  had  shown  that  a  poor 
radiator — a  polished  surface,  for  instance — becomes  a  good  one 
when  a  good  radiating  vapor  like  that  of  water  is  in  contact  with 
it.  However,  by  making  the  interior  surfaces  of  a  poor  conduc- 
tor of  heat,  no  more  heat  can  be  radiated  or  conducted  away  than 
is  conducted  to  the  surface.  Therefore,  so  much  cannot  be  lost, 
and  less  steam  will  be  required  to  reheat  the  surface.  By  using  a 
poor  conductor,  with  low  specific  heat,  the  benefit  should  be  still 


506  CYLINDER   CONDENSATION   AND   THE    COMPOUND   ENGINE. 

more  marked.  After  carefully  considering  the  subject,  my  con- 
victions were  so  strengthened  by  the  considerations  hereinbefore 
expressed,  and  by  mathematical  calculations,  that  I  tried  the 
matter  practically.  After  some  preliminary,  though  encouraging, 
experiments  with  incomplete  apparatus,  I  constructed  two  cylin- 
ders of  like  dimensions,  one  of  glass,  the  other  of  iron,  in  such  a 
manner  that  either  could  be  attached  to  a  valve  which  regularly 
admitted  steam  from  a  boiler  to  the  cylinder,  and  permitted  its 
exhaust  into  a  condensing-coil  lying  in  a  tub  of  water.  The  ca- 
pacity of  the  two  cylinders  was  made  exactly  the  same,  as  was 
shown  by  transferring  water  from  one  to  the  other.  When  put, 
in  turn,  in  the  condition  of  a  steam-engine  cylinder,  the  iron  cylin- 
der used  twice  as  much  steam  as  the  glass  one,  shown  by 
the  fact  that  twice  the  quantity  of  water  came  through  the  con- 
densing-coil for  the  same  number  of  movements  of  the  valve. 
Steam  of  the  same  pressure  was  used  in  both  cylinders,  and  the 
experiments  were  many  times  repeated,  with  substantially  the 
same  results.  This  settled  the  question.  The  glass  cylinder  in 
that  case  saved  half  the  steam.  With  more  expansion  I  expect 
still  greater  gains.  A  large  proportion  of  the  theoretical  saving 
promised  by  extreme  expansion  may  perhaps  be  realized. 

Whether  my  theories  be  right  or  wrong,  I  have  at  least  demon- 
strated the  practical  value  of  non-conducting  material  for  the 
interior  surfaces  of  steam-cylinders. 

Popularly  speaking,  in  relation  to  heat,  all  materials  are  divided 
into  two  classes — "conductors"  and  "non-conductors."  The 
metals  constitute  the  first  class,  but  differ  among  themselves  in 
conducting-power.  Thus,  copper  and  compounds  in  which  it 
enters  freely,  such  as  brass,  conduct  heat  less  freely  than  silver, 
but  better  than  iron.  Other  metals  conduct  heat  less  freely  than 
iron.  For  instance,  lead  and  German  silver  have  only  from 
three-fourths  to  one-half  its  conducting-power,  and  bismuth  has 
but  about  one-sixth.  Substances  such  as  glass,  porcelain,  fire- 
brick, marble,  and  stones  are  known  as  "  non-conductors,"  and 
many  of  them  have  about  one-thirtieth  the  conducting-power  of 
iron.  Cast-iron  is  almost  universally  employed  in  the  construc- 
tion of  steam-cylinders,  and  it  has  lower  conducting-power  than 
brass  or  any  other  substance  now  practically  used  for  the 
purpose. 

The  object  of  my  invention  is  to  produce  economy  in  the  steam- 
engine.     I  accomplish  this  by,  and  my  invention  consists  in,  lin- 
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ing  or  coating  the  interior  surface  of  the  cylinders  of  steam- 
engines  with  glass,  porcelain,  enamel,  or  equivalent  material.  I 
also  propose  to  construct  the  whole  cylinder  of  a  poor  conductor, 
and  have  made  changes  in  the  form  of  steam-engine  cylinders 
and  pistons,  whereby  certain  portions  of  the  surfaces  that  cannot 
always  be  conveniently  lined  may  be  protected  from  direct  radia- 
tion. 

For  the  purposes  of  my  invention  one  material,  used  as  above 
expressed,  is  the  equivalent  of  another  when  it  conducts  heat  less 
freely  than  cast-iron ;  and  the  application  of  the  words  "  poor 
conductor  of  heat"  and  similar  expressions,  as  herein  used,  is 
limited  to  such  materials  as  conduct  heat  less  freely  than  cast- 
iron." 

Mr.  Charles  E.  Emery. — The  papers  which  we  are  consider- 
ing were  written  for  the  express  purpose  of  producing  discussion, 
and  it  is  exceedingly  gratifying  that  the  object  has  been  so  well 
attained. 

We  will  first  respond  to  the  remarks  of  Mr.  Porter,  who  has 
expressed  himself  most  forcibly  on  the  subject.  He  evidently  still 
entertains  views  which  we  supposed  had  been  abandoned  by  every 
prominent  engineer  in  the  country.  The  final  suggestion  in  his 
main  proposition,  to  the  effect  that  additional  work  obtained  \y$ 
the  additional  cylinders  accounts  several  times  over  for  the  gain 
in  economy  of  the  compound  engine,  is  met  simply  by  the  fact  that 
such  engines  are  compared  with  other  engines  on  the  basis  of  equal 
work  and  still  show  economy.  In  reply  to  his  protest  against  what 
is  called  "  the  absurd  practice  of  compounding  non-condensing  en- 
gines," it  is  sufficient  to  say  that  locomotives  have  been  success- 
fully compounded  by  two  independent  methods  in  several  foreign 
countries  and  have  shown  marked  economy  in  fuel  when  rising  the 
same  boilers  and  hauling  similar  trains  over  the  same  road. 

I  am  sorry  to  say  that  both  Mr.  Porter  and  Mr.  Babcock  as- 
sume that  we  claim  that  the  whole  internal  condensation  is  in  the 
ratio  of  the  squares  of  the  differences  in  temperature,  and  have 
failed  to  quote  our  exact  words  on  the  subject,  which  are  simply 
"  that  the  quantity  of  heat  wdiich  will  be  transferred  from  a  radiator 
to  an  absorbent  would  vary  as  the  square  of  the  difference  in  tem- 
perature." The  distinction  is  important,  though  it  was  not  con- 
sidered necessary  in  the  original  paper  to  go  into  the  detail  neces- 
sary to  show  it.  There  is  no  question  but  that  the  quantity  of 
heat  transferred  by  direct  conduction  varies  directly  as  the  differ- 
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ence  of  temperature,  and  the  same  is  true  of  heat  transferred  by 
direct  circulation  or  convection.  In  transmitting  heat  through  a 
plate,  the  fall  of  temperature  necessary  to  produce  the  transfer 
through  each  successive  layer  is  the  same,  or,  as  it  may  be  ex- 
pressed mathematically,  the  differential  of  the  temperature  divided 
by  the  differential  of  the  thickness  is  constant,  so  the  resistance 
would  vary  as  the  thickness.  If  a  fluid  were  circulated  against 
the  cooler  side,  each  particle  would  take  away  the  same  quantity 
of  heat  as  the  next,  and  the  total  quantity  received  by  each  par- 
ticle Avould  be  proportioned  to  the  difference  of  temperature  mod- 
ified by  a  co-efficient  of  resistance  based  on  the  kind  of  contact 
which  the  particular  fluid  had  with  the  particular  material  of  the 
plate.  In  a  steam-cylinder  all  the  moisture  deposited  on  the  sur- 
faces is  undoubtedly  re-evaporated  by  direct  contact  with  the  steam, 
and  the  quantity  of  heat  transmitted  is  therefore  proportioned  or 
nearly  proportioned  to  the  difference  of  temperature.  As,  how- 
ever, the  whole  body  of  steam  is  chilled  and  is  in  the  condition  of 
a  cloud,  the  greater  portion  of  the  transfer  of  heat  takes  place  by 
radiation  from  the  hotter  metal  surfaces  and  absorption  by  the 
suspended  wateiy  particles.  It  is  this  action  which  it  is  claimed 
is  proportioned  to  the  square  of  the  difference  in  temperature. 
With  falling  bodies  we  know  that  the  rate  of  acceleration  is  con- 
stant and  proportioned  to  the  acceleratrix  of  gravit}*  (g).  Hence 
the  velocity  is  proportioned  to  this  acceleratrix  multiplied  by  the 
time,  but  the  space  passed  over,  as  well  as  the  energy  absorbed, 
and  which  can  be  afterwards  utilized,  is  proportioned  to  the  square 
of  the  velocity.  Hence  the  application  of  the  short  explanation 
embodied  in  parenthesis  in  the  original  paper  after  the  quotation 
above  given,  viz.:  ("the  conditions  ^eing  practically  the  same  as 
those  of  force  performing  mechanical  work  in  overcoming  resist- 
ance ").  Now,  in  throwing  up  a  projectile  it  is  continually  retarded 
by  the  force  of  gravity,  which  gradually  reduces  the  stored-up  en- 
ergy until  the  velocity  becomes  naught.  So,  in  projecting  heat 
from  a  radiator  to  an  absorbent  through  vapor,  the  energy  trans- 
mitted from  the  heated  surface  is  continually  dissipated  by  evap- 
orating water,  in  the  form  of  mist,  met  with  on  the  way,  until  flu  ally 
all  the  heat  energy  is  absorbed.  The  parallel  of  the  two  cases  is 
complete. 

The  proposition  is,  moreover,  supported  by  authority.  Rankine, 
in  developing  a  formula  to  represent  the  quantity  of  heat  trans- 
ferred to  the  water  from  the  heated  gases  passing  through  a  boiler, 
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for  different  portions  of  the  length  of  the  tubes  or  other  heating 
surface,  first  develops  a  complex  equation,  practically  that  of  a 
hyperbola  Math  other  factors  involved,  which  is  undoubtedly  the 
true  form  applicable  to  that  particular  case.  But  on  the  ground 
that  the  equation  is  a  complex  one,  he  states  that  practice  shows 
that  the  transfer  of  heat  is  proportioned  to  the  square  of  the  dif- 
ference in  temperature,  and  he  then  gives  what  is  termed  an  ap- 
proximate formula  based  on  this  particular  deduction.  In  the  case 
of  radiation  the  work  is  not  considered  approximate  but  accurate, 
for  the  reason  that  there  is  a  direct  projected  force  acting  to  over- 
come resistance  the  same  as  that  of  an  actual  projectile  overcom- 
ing the  resistance  of  gravity.  Mr.  Porter  has  attempted  to 
assume  a  set  of  conditions  by  which  all  the  steam  would  he  con- 
densed upon  raising  the  temperature,  and  it  is  not  at  all  impos- 
sible that  such  would  be  the  case  under  certain  conditions,  but 
in  other  cases  the  result  would  be  much  of  the  same  character 
as  the  law  of  depreciation;  for  instance,  that  of  the  value  of 
tools  in  a  manufactory.  If  a  depreciation  of  10  per  cent,  be 
allowed  per  year,  at  first  sight  it  would  seem  to  be  as  if  the  plant 
would  be  worth  nothing  on  the  books  in  ten  years ;  but  when  it  is 
considered  that  the  depreciation  is  10  per  cent,  of  the  remainder 
in  each  case,  instead  of  the  original  amount,  it  becomes  evident 
that  there  will  always  be  a  remainder. 

Attention  has  been  called  by  Mr.  Babcock  to  the  development 
of  cylinder  condensation  by  Mr.  D.  K.  Clark,  as  set  forth  in  his 
work  on  Railway  Machinery.  In  preparing  the  paper  we  had 
in  mind  only  Mr.  Isherwood's  claim,  and  though  ours  may  be  cor- 
rectly based  upon  his,  we  are  reminded  by  the  suggestion  of  the 
gentleman  named  of  our  early  interest  in  Mr.  Clark's  unrivaled 
series  of  investigations,  and  feel  that  both  claims  must  be  modi- 
fied, ours  possibly  only  to  the  limited  extent  so  kindly  stated 
by  Mr.  Babcock.  The  experiments  made  by  the  speaker  with 
glass  and  iron  cylinders  above  recited,  doubtless  demonstrate,  in- 
controvertibly,  the  cause  of  internal  cylinder  condensation,  and  it 
is  suggested  that  this  simple  apparatus,  using  cylinders  say  one 
inch  in  diameter  and  10  inches  long,  should  form  part  of  the  phil- 
osophical apparatus  of  every  technical  school,  as  the  results  ob- 
tained are  as  startling  as. many  of  those  customarily  employed  to 
produce  strong  impressions  on  the  minds  of  students. 

We  are  obliged  to  Mr.  Barrus  for  introducing  the  facts  stated 
in  relation  to  the  Dixwell  expansion  experiments.     The  experi- 
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merits  show  admirably  on  a  large  scale  the  effect  of  expanding 
steam  with  and  without  the  performance  of  useful  work,  although 
the  results  have  apparent!}-  nothing  to  do  with  the  question  under 
discussion.  Actual  loss  of  heat  should  have  taken  place  even  when 
the  engine  was  not  running  equivalent  to  the  mechanical  work  ne- 
cessary to  displace  the  atmosphere,  as  well  as  that  required  for 
external  refrigeration. 

In  experiment  2  the  temperature  corresponding  to  (54  +  15  =  ) 
69  lbs.  is  302°.  The  temperature  near  the  throttle-valve  was  449°, 
so  there  was  147°  superheating,  corresponding  to  about  73 1  ther- 
mal units.  The  total  heat  above  zero  of  saturated  steam,  at  the 
pressure  above  stated,  is  1174  thermal  units,  so  (1174  +  73^=)  1247^ 
thermal  units  entered  the  engine,  and  as  1223  thermal  units  were 
discharged,  only  (1247|— 1223  =  )  24|  thermal  units  were  lost  in 
passing  through  the  cylinder.  This  is  insufficient  for  the  mechan- 
ical work  required  to  displace  the  atmosphere,  so  although  many 
interesting  questions  are  raised  by  the  presentation,  the  results  not 
only  fail  to  support  the  "  expansion  per  se  "  theory,  but,  so  far  as 
they  go,  actually  disprove  it. 

The  discussion  of  the  paper  on  the  compound  engine  has  neces- 
sarily been  combined  to  a  large  extent  with  that  on  cylinder  con- 
densation. The  incidental  remarks  about  the  use  of  steel  in  the 
former  paper  appear  also  to  have  excited  some  attention.  It  will 
be  observed  that  there  is  no  serious  difference  in  the  views  of  the 
various  speakers  on  this  subject.  Mr.  Morgan  naturally  takes  the 
side  of  the  steel  makers,  as  he  should,  and  his  remarks  that  "  in 
good  practice,  with  the  same  attention  to  details  and  selection  of 
stock  and  methods  of  manufacture,  greater  uniformity  and  relia- 
bility of  product  can  be  looked  for  in  steel  than  in  iron  plates,"  is 
only  one  way  of  putting  part  of  the  remark  of  the  writer  that  steel 
"  is  so  much  more  homogeneous  and  in  every  way  desirable,  when 
the  material  is  right,  that  there  is  no  danger  of  every  one  going 
back  to  iron."  The  qualification,  "when  it  is  right,"  is  very  im- 
portant. If  all  boiler  steel  were  as  good  as  that  manufactured 
under  the  direction  of  one  gentleman  here  present,  who  has  not 
favored  us  with  remarks,  there  never  would  be  any  question  ; 
but  the  number  of  steel  makers  is  constantly  increasing,  and,  un- 
fortunately, each  one  has  to  go  through  exactly  the  same  experi- 
ence as  the  early  manufacturers  of  steel. 

Steel,  once  produced,  must  be  disposed  of,  on  account  of  the 
necessity  of  making  profits  in  competition  with  others,  and  so  steel 
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of  an  improper  kind  for  use  in  boilers  will  get  on  the  market.  Mr. 
Morgan's  remarks  in  regard  to  putting  the  work  upon  thick  plates  to 
bring  up  the  tensile  strength,  instead  of  increasing  the  carbon,  are 
very  interesting.  The  principle  has  been  long  known,  but  we  must 
take  it  for  granted  that  Mr.  Morgan  means  that  steel  makers  are 
prepared  to  make  steel  in  this  way.  Let  us,  however,  examine 
what  this  means.  If  two  long  plates  be  compared,  of  a  width  about 
as  great  as  can  be  rolled,  and  one  four  times  as  thick  as  the  other, 
the  ingot  for  the  thick  plate  would  have  to  be  four  times  as  heavy 
to  make  the  quadruple  thickness,  and  four  times  as  heavy 
again  as  is  required  for  this,  or  sixteen  times  as  heavy  as 
that  for  the  thinner  plate,  in  order  that  in  the  process  of  manu- 
facture it  would  receive  the  same  work  as  would  be  obtained  in 
rolling  the  thin  plate.  Not  only  this,  but  the  thick  plate,  when 
done,  would  be  four  times  as  long  as  required.  In  other  words,  it 
would  be  necessary  to  make  four  thick  plates  in  order  to  get  one. 
Now,  all  this  is  possible,  but  it  is  left  to  the  engineering  experi- 
ence of  those  present  to  judge  how  often  mills  in  practical  work 
would  go  to  this  trouble  and  expense  instead  of  slightly  increasing 
the  carbon  to  get  the  necessary  tensile  strength.  That  the  carbon 
is  increased  at  times  is  shown  by  the  failure  of  some  of  the  boilers 
with  extra-thick  plates  constructed  abroad.  These  remarks  are 
not  made  in  an  unfriendly  spirit.  The  whole  discussion  shows  the 
absolute  necessity  of  careful  inspection  in  the  use  of  steel,  and  as 
these  are  notes  for  discussion,  it  seemed  a  fitting  opportunity  to 
call  this  subject  to  the  attention  of  members,  so  that  the  young 
might  be  forewarned  and  the  older  ones  reminded  that  the  prob- 
lems which  antagonize  the  introduction  of  steel  are  still  to  be 
met,  unless  in  an  unbusinesslike  way  dealings  are  had  entirely  with 
such  parties  who  have  such  a  reputation  that  they  cannot  afford  to 
send  out  anything  not  adapted  for  the  particular  purpose  of  the 
order.  • 

During  the  discussion  I  have  had  thrust  into  my  hand  a  note 
from  an  eminent  engineer  here  present,  which  forms  an  amusing 
commentary  on  the  situation.  It  reads:  "You  are  about  right  on 
the  steel  question,  but  very  unorthodox;  don't  mention  my  name, 
as  I  would  about  as  soon  attack  the  orthodoxy  of  the  church  as 
the  use  of  steel  at  this  day." 
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CCL. 

THE    COMPARATIVE    VALUE    OF    STEAM    AND    HOT 
WATER  FOR  TRANSMITTING  HEAT  AND  POWER. 

BY  CHAS.   E.   EMERY,    NEW  YORK   CITY. 

(Member  of  the  Society.) 

The  relative  values  of  steam,  water,  or  other  vehicle  for  the  pur- 
pose of  distributing  heat  to  be  used  for  heating  and  power  purposes, 
curiously  involves,  in  a  large  degree,  the  same  elements  as  the  trans- 
portation of  passengers  and  freight  on  railroads.  With  the  latter, 
the  relative  amount  of  paying  and  non-paying  load  forms  one  of  the 
most  important  considerations,  while  with  the  former  the  relative 
values  depend  largel}7  upon  the  percentages  of  their  heat-carrying 
capacities  which  can  be  utilized  in  practice.  In  generating  steam 
with  fuel,  the  gases  may  be  reduced  in  temperature  nearly  to  that 
of  the  steam  itself,  securing  fair  efficiency,  but  in  melting  metals, 
they  must  be  rejected  at  a  temperature  higher  than  that  of  the 
metal,  and  economy  secured  by  secondary  operations  to  save  waste 
heat.  Similarly  the  efficiency  of  a  heat-transmitting  medium  de- 
pends upon  the  amount  of  heat  rejected  or  unavailable  by  the  con- 
ditions of  the  problem  compared  with  that  originally  imparted  to 
such  medium 

If  steam  and  hot  water  of  400  degrees  temperature  be  respect- 
ively used  for  some  heating  purpose  such  as  cooking,  requiring 
nearly  that  temperature,  the  steam  will  give  up  its  latent 
heat  and  be  converted  into  a  small  quantity  of  water  at  the  final 
temperature,  while  hot  water  can  only  give  up  its  sensible  heat, 
represented  practically  by  the  difference  between  its  original  and 
final  temperature.  If  the  fall  of  temperature  be  from  400  to  399 
degrees,  the  water  would  impart  substantially  one  thermal  unit  for 
each  pound  of  water  circulated  over  the  surface,  while  the  steam 
would  impart  over  800  thermal  units  for  each  pound  of  water  con- 
densed. If  a  difference  of  2  degrees  were  allowed,  the  water  would 
impart  substantially  two  thermal  units  for  each  pound  of  water 
circulated,  whereas  the  heat  supplied  by  the  condensation  of  one 


STEAM   AXD    HOT   WATER  EOR  TRANSMITTDsG   HEAT  AXD   POWER.    513 

pound  of  steam  with  same  limits  of  temperature  would  be  but 
slightly  changed,  though  the  relative  quantity  of  water  required  to 
be  circulated  to  equal  the  results  obtained  with  one  pound  of  steam 
would  be  reduced  one  half.  By  allowing  a  still  greater  reduction 
of  temperature  the  water  would  appear  at  less  disadvantage.  For 
instance,  with  a  difference  of  temperature  of  about  11.15  degrees 
the  water  would  impart  114  thermal  units  for  each  pound  of  water 
circulated  and  the  steam  842  thermal  units  for  each  pound  con- 
densed.* This  is  doubtless  a  greater  reduction  of  temperature 
than  could  be  allowed  for  cooking,  and  yet  it  would  require 
( -^42.04  -r-  11.52  =)  72.71  times  as  much  water  circulated  to  do  the 
same  work  as  would  be  required  if  steam  were  used.  In  this  case, 
then,  72.71  pounds  of  water  would  necessarily  be  heated  at  the  Sta- 
tion, pumped  to  the  point  where  the  heat  was  required,  and  then  be 
forced  back  again  to  the  Station  at  a  lower  pressure  and  pumped 
into  the  boiler  to  be  reheated,  for  each  pound  of  water  evaporated 
if  steam  were  used  as  the  medium  of  transmission.  The  steam 
would  be  transmitted  by  causing  a  slight  difference  of  pressure 
from  the  heating  station  to  the  point  where  it  was  used,  and  its 
surplus  pressure  would  return  the  water  of  condensation  back  to 
the  Station,  where  one  pound  would  require  to  be  pumped  in  the 
boiler  for  each  72.71  pounds  by  the  water  system. 

As  the  temperature  at  which  the  heat  is  to  be  applied  is  reduced, 
the  preponderance  against  the  water  system  somewhat  diminishes. 
For  instance,  if  steam  at  70  pounds  pressure  be  required  to  operate 
engines,  it  may  be  obtained  by  directly  expanding  down  the  steam 
of  235  pounds  pressure,  which  would  result  in  a  beneficial  super- 
heating of  25.87  thermal  units  per  pound  of  steam  thus  expanded. 
If,  however,  the  steam  were  supplied  from  hot  water  at  400.89 
degrees  temperature,  corresponding  to  the  pressure  of  235  pounds, 
only  10.2  parts  in  100  would,  on  reducing  the  pressure  to  70 
pounds,  flash  into  steam  at  that  pressure,  so  in  that  case  10.2 
pounds  of  water  would  necessarily  be  heated  at  the  Central  Sta- 
tion, transmitted  to  the  point  where  steam  is  required,  and  if  high- 

*  (A)  Temperature  due  to  235  lbs.  gauge  or  250  lbs.  absolute  pressure,  400.89  ; 
temperature  due  to  205  lbs.  gauge  or  220  lbs.  absolute,  389.74" — difference,  11.15". 
Total  heat  above  32  in  the  two  cases  respectively,  373.75  and  362.17 — differ- 
ence, 11.5  thermal  or  heat  units.  Total  heat  of  steam  of  235  lbs.  gauge  pressure, 
1204.21  heat  units.  Subtract  362.17  heat  units  due  to  final  temperature,  gives 
842.04  heat  units,  available  from  condensation  of  steam  between  limits  of  tem- 
perature stated. 
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pressure  engines  were  used,  9.1  pounds  would  necessarily  be  trans- 
mitted back  again,  and  finally  10.1  pounds  pumped  in  the  boiler 
for  each  pound  weight  of  steam  nsed,  instead  of  the  one  pound 
which  would  be  required  to  be  evaporated  at  the  Central  Station 
in  the  case  of  the  steam  plant.* 

For  heating  purposes  the  temperature  could,  under  favorable  cir- 
cumstances, be  reduced  to  228  degrees  in  the  coils,  corresponding 
to  a  pressure  of  five  pounds,  in  which  case,  without  repeating  the 
operations  above  described,  there  would  require  to  be  circulated 
from  the  heating  Station  to  the  point  of  supply  and  back  to  such 
Station,  5.69  pounds  of  water  for  each  pound  of  steam  utilized  at 
the  point  of  supply,  or  for  the  heat  which  would  be  imparted  at 
the  temperature  corresponding  to  such  pressure,  for  each  pound  of 
steam  which  in  a  steam  system  would  be  evaporated  and  sent  direct 
from  the  Station.f 

The  above  statements  may  be  easily  verified  from  the  figures 
given  in  the  foot-notes,  and  the  great  resistances  found  in  pumping 
water  through  pipes  at  high  velocities  being  well  known,  there  would 
seem  to  be  no  reason  why  any  one  should  think  of  using  water  rather 
than  steam  for  the  purposes  above  referred  to.  The  subject  has, 
however,  been  agitated  for  a  number  of  years.  Little  plants  to 
show  what  could  be  done  with  water  heated  to  a  high  temperature 
have  been  built  from  time  to  time,  but  apparently  did  not  com- 
mand the  capital  necessary  to  start  the  business  on  a  large  scale. 
Another  revival  has  recently  been  attempted,  however,  based 
chiefly  on  the  favorable  report  of  an  unusually  well-informed  en- 
gineer of  experience  and  acknowledged  ability,  to  whom  it  is  a 
pleasure  to  say  the  writer  is  personally  indebted  for  many  valn- 

*  (B)  Total  heat  steam  of  70  lbs.  gauge  or  85  absolute  pressure,  1178.34  heat 
units,  which,  subtracted  from  1204.21  beat  units  due  to  235  lbs.,  foot-note  (A), 
shows  25.87  heat  units  for  superheating.  Temperature  due  to  70  lbs.  gauge 
316.08  corresponding  to  286.26  beat  units  above  32=,  which,  subtracted  from  373.75 
beat  units  due  to  235  lbs.  (A),  leaves  87.49  heat  units  available  for  making  steam 
with  water,  and  subtracting  same  from  1178.34  heat  units,  total  heat  due  to  70 
lbs.,  gives  892.08  heat  units  required  for  steam  of  70  lbs.  Hence  there  will  be 
required  892.08  -s-  87.49  =  10.2  pounds  of  water  circulated  per  pound  of  water 
evavorated  into  steam  of  70  lbs.  pressure. 

f  (C)  Temperature  due  to  5  lbs.,  227.96°,  equivalent  to  196.66  heat  units  above 
32,  which  latter,  subtracted  from  373.75  heat  units  in  water  due  to  235  lbs.  pres- 
sure, gives  177.09  heat  units  per  pound  of  water,  and  subtracted  from  1204.21, 
total  heat  due  to  235  lbs.  pressure,  gives  1007.55  heat  units  available  from  steam 
between  same  limits,  so  that  there  will  be  required  (1204.21  -f-  177.09  =)  5.694 
times  as  much  water  circulated  as  steam. 
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able  suggestions  as  to  proper  courses  of  study  at  an  earlier  period 
of  life.  Mr.  Isherwood,  in  forming  his  opinions,  has  evidently,  how- 
ever, failed  to  consider  some  of  the  most  important  elements  of  the 
problem,  and  occasion  is  thereby  made  for  an  abstract  discussion 
on  the  merits  of  steam  and  hot  water,  so  far  as  possible,  without 
reference  to  the  merits  of  a  particular  system  and  the  details  of  the 
same. 

It  has  been  stated  in  the  public  press,  quoting  from  the 
report,  that  a  cubic  foot  of  water  at  400  degrees  temperature 
contains  34|  times  as  much  heat  as  is  contained  in  a  cubic  foot 
of  steam  at  the  same  temperature,  and  it  is  therefore  con- 
cluded that  "the  areas  of  the  pipes  will  be  in  this  proportion, 
making  their  diameters  in  the  proportion  of  1  for  the  water 
and  (V34f  =)  5.89  for  the  steam."  Also  that  "  the  thickness  of 
the  material  of  the  pipes  for  equal  strength  would  have  to  be  about 
six  times  greater  for  the  larger  steam-pipe  than  for  the  smaller  water- 
pipe,  even  if  both  were  lap-welded."  On  the  supposition  that  larger 
steam-pipes  would  be  necessary,  comparisons  were  presented  of  the 
"greater  bulk,"  "  enormously  greater  cost,"  "  extra  loss  of  heat  by 
conduction  and  radiation  "  due  to  the  larger  pipes,  with  some  fur- 
ther remarks  about  the  difficulty  of  getting  rid  of  the  water  of  con- 
densation in  steam-pipes,  difficulties  of  management,  etc.,  not  at  all 
warranted  by  the  state  of  the  art  in  relation  to  steam  plants.  Evi- 
dently the  error  behind  these  statements  is  to  be  found  in  the  as- 
sumption that,  because  a  given  quantity  of  water  of  the  tempera- 
ture assumed,  contains  34  f  times  as  much  heat  as  that  of  an  equal 
volume  of  steam,  therefore  the  steam-pipe  must  be  proportionably 
larger  to  that  extent.  It  ignores  entirely  well-known  laws  of  hy- 
draulics, which  teach  that  a  fluid  of  much  less  density  than  another, 
will,  with  the  same  difference  of  pressure,  flow  at  a  much  higher 
velocity.  The  weight  of  a  fluid  transmitted  through  pipes  with 
comparatively  small  differences  of  pressure  at  opposite  ends  is 
proportioned  to  the  square  root  of  the  5th  power  of  the  diameter  of 
the  pipe,  into  the  square  root  of  the  pressure  gradient  (represented 
by  the  difference  of  pressure  between  the  two  points  divided  by  the 
length)  into  the  square  root  of  the  weight  per  unit  of  volume  of 
the  fluid,  for  instance,  the  weight  per  cubic  foot,  called  by  Weis- 
bach  the  "  heaviness,"  and  herein  designated  the  "  specific  weight." 
Therefore,  for  the  same  loss  of  pressure  in  the  same  distance  and 
the  same  size  of  pipe,  the  relative  weights  of  water  transmitted 
would    vary   as   the   square  roots   of   the  specific  weights.     The 
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weight  of  a  cubic  foot  of  water  at  400  degrees  is  approximately 
53  pounds,  and  a  cubic  foot  of  steam  at  the  pressure  of  235  pounds 
due  to  such  temperature  is  0.5478  pounds  The  relative  weights 
of  the  steam  and  water  are  therefore  as  1  to  96.36.  The  weights 
transmitted  under  like  conditions  as  above  referred  to,  would  there- 
fore be  as  the  square  roots  of  these  numbers,  or  as  1  to  9.816. 
Therefore,  if  the  steam  and  water  be  compared  on  the  basis  of  use 
for  heating  buildings  exclusively,  which,  as  has  been  shown,  is  most 
advantageous  to  the  water  system,  there  would,  as  has  been  stated, 
be  required  a  circulation  of  5.694  times  as  many  pounds  of  hot 
water  as  of  steam,  but  9.816  pounds  of  water  would,  under  like 
conditions,  be  circulated  to  1  of  steam.  The  relative  capacities 
of  the  pipes  required  to  convey  the  steam  and  water  under  like 
conditions  would  then  be  for  the  steam  1,  and  for  the  water,  the 
increased  weight  required,  viz.,  5.694  divided  by  the  increased 
weight  conveyed,  viz.,  9.816,  or  as  1  to  0.5796,  or  as  1.7253  to  1. 
But  the  carrying  capacities  of  the  pipes  are  not  as  the  areas  or  the 
squares  of  the  diameters,  but,  on  account  of  the  friction  element, 
as  the  square  root  of  the  fifth  power  of  the  diameters,  on  which 
basis,  under  this  most  favorable  condition  for  the  water-pipe,  the 
diameter  of  the  steam-pipe  would  require  to  be  but  24.38  per 
cent,  in  excess  of  that  of  the  water-pipe.  This  does  not,  however, 
represent  the  relative  cost  of  the  system.  For  heat  taken  the  same 
distance,  the  return-pipe  of  the  water  system  must  be  as  large  as 
the  direct  pipe,  whereas  that  of  the  steam  system,  which  has  to  do 
but  about  one-sixth  of  the  work,  could,  on  merely  theoretical  con- 
ditions, have  a  carrying  capacity  that  much  smaller.  For  practical 
reasons,  which,  as  will  be  shown  hereafter,  will  have  greater  force 
with  the  water  system,  this  pipe  is  made  somewhat  larger,  or  on  the 
average  about  one-half  of  the  diameter  of  the  steam-pipe.  On  the 
basis  that  the  costs  are  proportioned  to  the  lengths  and  diameters, 
which  is  not  far  from  correct  when  the  two  pipes  are  laid  together 
in  the  same  trench,  the  cost  of  the  steam-pipe  of  1.2438  diameter 
should  be  increased  one-half  to  allow  for  the  return-pipe,  making, 
in  the  case  of  the  steam  system,  1.8657  compared  with  2  as  the  cost 
of  the  full  size  double  pipes  of  the  water  system,  which  numbers 
are  as  1  to  1.072.  That  is,  even  under  the  most  favorable  condi- 
tions for  the  water-pipes,  they  would  cost  at  least  7  per  cent,  more 
than  the  steam-pipe  system,  and  even  this  result  is  obtained  by 
favoring  the  water  system  in  the  calculations,  for  the  reason  that 
the  water  has  to  be  pumped  double  the  distance  that  the  steam  is 
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conveyed,  and  therefore  requires  double  the  difference  of  the 
pressure.  However,  as  this  pressure  is  produced  with  a  pump,  for 
simplicity  the  comparison  has  been  allowed  to  stand  as  above. 

If  the  water-pipes  were  designed  to  furnish  power  at  a  distance 
by  generating  steam  to  be  used  at  70  pounds  pressure,  it  would  be 
necessary,  as  stated,  to  circulate  10.2  times  as  much  water  as  would 
require  to  be  evaporated  for  steam  used  directly,  when,  on  the  same 
basis  previously  discussed,  the  water-pipes  would  require  to  have 
3.9  per  cent,  greater  carrying  capacity  under  like  conditions  than 
the  steam-pipe,  that  is,  would  require  to  be  of  1.55  per  cent, 
greater  diameter,  when  the  cost  of  both  the  direct  and  return  water- 
pipes  would  be  35.4  per  cent,  greater  than  that  of  the  steam- 
pipe  and  its  smaller  return-pipe. 

If,  however,  the  water-plant  were  designed  to  furnish  water  for 
cooking  purposes,  and  the  temperature  were  maintained  in  the  stoves 
at  400  degrees  by  circulating,  as  claimed,  wrater  of  only  400  degrees, 
there  would  be  required  the  circulation  of  an  infinite  quantity  of 
water  to  fulfill  this  condition.  If,  however,  the  temperature  in  the 
stoves  were  allowed  to  fall  one  degree  below  that  of  the  water, 
there  would  require  to  be  circulated,  as  first  stated,  something 
over  eight  hundred  times  as  much  water  as  would  be  required 
to  be  evaporated  and  conveyed  if  the  work  were  done  by  steam. 
"Without  stopping  to  calculate  the  size  of  the  enormous  pipe  re- 
quired on  this  basis,  we  may  assume,  as  before,  that  in  practical 
work  a  loss  of  say  11.15  degrees  would  be  permitted.  On  this 
basis,  as  stated,  the  water  required  to  be  circulated  would  be  72.21 
times  the  weight  of  steam  required  to  do  the  work,  so  the  water- 
pipe  would  necessarily  have  7.407  times  the  carrying  capacity  of  the 
steam-pipe,  or  2.228  times  the  diameter,  and  the  cost  of  the  two 
systems  of  piping  on  the  basis  above  explained' would  be  as  one  for 
the  steam  to  2.97  for  the  water.  We  thus  see  that  in  doing  ex- 
clusively the  work  for  which  these  high  pressures  are  principally  to 
be  carried,  to  wit,  cooking,  instead  of  the  steam-pipes  requiring  to  be 
46f  times  the  area,  or  5.8  times  the  diameter  of  the  water-pipe  as 
claimed,  the  water-pipes  must  have  7£  times  the  carrying  capacity, 
be  of  about  2^  times  the  diameter,  and  about  3  times  the  cost  of  the 
steam-pipes.  The  relative  cost  of  the  pipes  by  no  means  represents 
the  cost  of  operating  the  two  systems.  The  water-system  would 
always  be  at  a  disadvantage  in  this  respect,  on  account  of  the  high 
cost  of  pumping. 

It  should  be  stated  that  it  is  proposed  to  use  steam  for  power 
34 
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at  only  20  pounds  pressure,  but  it  is  unnecessary  to  say  that  this 
would  involve  a  very  extravagant  use  of  steam,  and  the  size  of  the. 
pipes  would  only  take  an  intermediate  position  between  those  given 
for  heating  and  power  respectively.  It  may  also  be  claimed  that 
the  fall  of  pressure  available  to  transmit  steam  is  limited,  whereas 
the  pressure  available  by  pumping  to  force  the  water  is  compara- 
tively unlimited.  This  will  not  sustain  investigation.  With  an 
initial  steam  pressure  of  80  pounds,  a  loss  of  pressure  of  but  ten 
pounds  will  give,  in  a  steam-pipe  12  inches  in  diameter  and  one- 
half  mile  long,  a  velocity  of  fully  80  feet  per  second,  so  that  there 
will  be  readily  transmitted,  through  such  pipe,  nearly  1,700  horse- 
power of  30  pounds  of  feed-water  per  hour  for  that  entire  distance. 
The  most  unfavorable  conditions  for  the  transmission  of  steam  are 
when  used  for  cooking,  where  a  high  temperature  is  to  be  main- 
tained ;  but  even  in  this  case,  unless  the  assumption  be  made  that 
the  water  will  maintain  the  ovens  at  400  degrees  with  steam  at 
400  degrees  temperature,  which,  as  has  been  stated,  will  require  an 
infinite  quantity  of  water  circulated,  there  must  be  some  loss  of 
temperature,  and  as  soon  as  it  is  permitted  to  drop,  so  that  instead 
of  fabulous  quantities  only  72  times  as  many  pounds  of  water  are 
required  to  be  circulated  as  of  steam,  the  loss  of  temperature  of 
about  11  degrees  entails  a  loss  of  pressure  of  30  pounds,  and  but  a 
portion  of  this  difference  of  pressure  will  circulate  the  steam  as  fast 
as  would  be  safe  for  the  permanence  of  the  pipes.  With  water  the 
velocity  would  need  to  be  kept  down  in  the  inverse  proportion  of 
its  density  compared  with  that  of  steam,  for  a  similar  reason.  If 
the  necessary  loss  of  temperature  for  cooking  be  made  up  by  in- 
creasing the  temperature  of  the  water,  this  would  also,  in  a  much 
greater  ratio,  increase  the  pressure  of  the  steam  and  still  keep  it  at 
an  advantage. 

An  average  presentation  of  this  branch  of  the  subject  may  be 
had  by  examining  the  pressure  available  when  the  hot  water  and 
steam  are  used  to  furnish  steam  for  power.  In  the  case  of  the  hot 
water,  in  order  to  evaporate  about  ten  per  cent,  of  its  volume  into 
steam,  the  reduction  in  temperature  will  be  that  due  to  a  fall  in 
pressure  of  165  pounds,  or  from  235  down  to  70  pounds.  In  a 
steam  system  this  entire  difference  of  pressure  may  be  used  as  the 
energy  which  transports  the  steam  to  the  point  where  it  is  used, 
and  as  the  pumping  pressure,  on  the  principles  above  expressed, 
must  be  double  this,  the  circulating  pump  would  require  to  work 
against  a  pressure  of  330  pounds  to  compete  with  steam,  and  10.2 


STEAM  AND  HOT  WATEE  FOR  TRANSMITTING  HEAT  AND  POWER.  519 

times  as  much  water  must  be  pumped  with  the  water-plant  as  would 
be  required  by  the  steam-plant ;  also  the  water  for  the  water-plant 
must  be  pumped  twice  : — once  at  the  high-pressure  of  330  pounds, 
to  circulate  it  in  the  pipes,  and  again  at  235  pounds,  to  pump  it  into 
the  boiler  ;  whereas,  with  the  steam-plant  one-tenth  of  the  quantity 
of  water  would  be  pumped,  and  but  once  :  viz.,  into  the  boiler.  It 
may,  however,  be  claimed  that  the  steam-plant  must  be  charged 
with  the  power  required  to  return  the  water  of  condensation.  The 
water  is  returned  in  practice  by  the  pressure  in  the  heating  sys- 
tems or  by  steam  operating  pumps,  or  pump  traps  which  exhaust 
into  the  heating  systems,  so  that  no  heat  is  wasted,  and  the  losses 
are  too  inconsiderable  to  mention  in  comparison  with  the  handicaps 
of  the  water  system. 

The  hot  water  circulated  has  been  called  "  superheated  water," 
because  it  is  hotter  than  212°,  but,  of  course,  water  cannot  be  super- 
heated in  the  scientific  sense  that  its  temperature  exceeds  that  due 
to  its  pressure.  Steam  may  be  superheated  and  must  always  have 
as  high  a  temperature  as  that  due  to  its  pressure.  Water  cannot 
be  superheated,  but  may,  of  course,  have  a  pressure  greater  than  is 
due  to  its  temperature;  in  other  words,  be  sub-heated,  which  is  the 
condition  that  the  so-called  superheated  water  would  be  in  when 
maintained  at  constant  pressure  the  moment  it  imparted  any  heat 
to  another  object. 

Reference  must  finally  be  had  to  one  point,  which  has  been  made 
to  appear  very  important  on  paper.  The  following  quotation  may 
be  made : 

"  The  fuel  cost  of  the  power  developed  by  the  steam-engines 
employed  in  [a  hot  water]  system  for  circulating  the  superheated 
water  in  the  hot-water  pipe,  for  pumping  the  used  water  from  the 
return-pipe  into  the  boiler,  for  driving  the  blowers,  if  a  mechani- 
cal supply  of  air  is  needed  for  the  combustion  of  the  coal,  and  for 
hoisting  coal  and  its  refuse,  will,  owing  to  the  peculiarity  of  the 
system,  be  not  over  one-twelfth  of  the  similar  cost  per  horse-power 
developed  by  the  most  economical  steam-engines  employed  in  other 
work.  In  fact,  the  only  coal  required  to  work  these  circulating, 
pumping,  blowing,  and  hoisting  steam-engines  is  what  furnishes 
the  heat  actually  transformed  into  work  according  to  the  therm  o- 
dynamical  theory,  and  to  supply  the  loss  of  heat  by  conduction 
and  radiation  from  the  external  surfaces  of  these  engines.  The 
cooled  water  from  the  return-pipe  will  be  in  such  excessive 
quantity  compared  with  the  feed-water  required  for  generating  the 
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steam  used  in  the  engines,  that  it  will  be  enormously  more  than 
sufficient  to  condense  all  the  steam  worked  through  the  engines, 
the  condensed  steam  and  the  water  condensing  it  will  be  wholly 
pumped  back  into  the  boiler,  and  there  will  be  no  rejected  heat, 
as  in  the  case  of  other  steam-engines,  which  rejected  heat  averages 
about  eleven-twelfths  of  the  total  heat  of  the  vaporization  of  water. 
If  the  cost  of  the  indicated  horse-power  in  the  best  engines  be  taken 
at  about  2§  pounds  of  ordinary  coal  per  hour,  that  cost,  with  the 
engines  of  [a  hot  water]  system,  will  be  only  one-tenth  of  a  pound 
of  coal  per  hour.  The  steam  taken  from  the  boilers  at  the  tem- 
perature of  400  degrees  Fahrenheit  (pressure  250  pounds  per  square 
inch  above  zero)  for  working  the  engines,  will  be  condensed  by  the 
water  of  the  return-pipe  at  the  temperature  of,  say,  160  degrees 
Fahrenheit,  and  both  the  water  of  condensation  and  the  condensing 
water  will  be  pumped  into  the  boiler,  so  that  the  total  quantity  of 
water  in  the  boiler  and  in  the  hot  water-pipe  and  in  the  return 
water-pipe  will  always  remain  constant." 

With  all  the  hot  water  used  for  power  purposes  rejected  at  a  tem- 
perature of  316  degrees  and  that  for  cooking  at  390  degrees  or  up- 
ward, how  is  the  very  large  quantity  of  heat  still  remaining  in  the 
water  to  be  reduced  to  the  temperature  of  160  degrees,  as  stated  in 
the  above  extract  ?  It  may  be  said  it  will  be  used  for  heating 
water,  boiling  articles  of  food,  heating  buildings,  and  such  like 
uses.  But  what  can  be  done  with  it  in  summer  when  there  is  no 
heating  to  do,  and  even  in  winter  or  at  any  other  time,  in  fact,  how 
is  the  surplus  heat  in  the  hot  water  from  cooking  and  power  appa- 
ratus to  be  exactly  that  required  for  some  other  culinary  operation 
or  for  heating  some  particular  building?  The  slightest  calculation 
will  show  that  the  surplus  heat  will  be  so  great  that  it  cannot  in 
practice  be  reduced  to  the  temperature  stated.  The  low  tempera- 
ture of  the  return  water  could  only  be  secured  in  individual  in- 
stances in  buildings  provided  with  specially  large  heating  coils  ar- 
ranged to  receive  the  water  as  it  was  about  to  escape  to  the  street. 
Houses  and  public  buildings  already  provided  with  heating  appa- 
ratus would  necessarily  have  connections  made  to  the  apparatus 
in  place,  and  the  heat  would  be  rejected  at  the  temperature  of 
the  steam  used  for  heating,  say  at  the  temperature  due  to  five 
pounds,  as  has  been  provided  for  in  the  previous  calculation.  In 
no  case,  as  has  been  intimated,  could  it  be  assured  that  the  surplus 
heat  from  the  cooking  apparatus  would  not  exceed  that  required 
for  other  culinary  operations  and  heating  the   house.     In  seasons 
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when  no  heat  was  required,  the  only  economical  way  to  dispose  of 
the  hot  water  at  390  degrees  rejected  from  the  cooking  apparatus 
would  be  to  pump  it  back  to  the  station  at  that  temperature  and 
at  the  pressure  due  thereto.  The  result  would  only  be  worse  were 
it  allowed  to  expand  down  to  atmospheric  pressure,  for  then  a 
large  portion  would  fly  into  steam  and  the  return-pipes  be  tilled 
with  a  mixture  of  steam  and  water.  If  the  hot  water  were  used  to 
generate  steam  for  power,  the  surplus  heat  would  be  so  great  that 
it  would  be  impracticable  to  dispose  of  it  in  the  same  or  adjacent 
buildings  even  during  the  heating  season.  Few  factories  can 
use  all  the  exhaust  steam  from  their  engines,  whereas  with  the 
water  system  there  would  be  about  five  times  as  much  heat  in  the 
rejected  water  as  would  be  used  in  the  engine.  If  part  of  the  lat- 
ter be  used  for  heating,  the  heat  in  the  exhaust  steam  must  be  abso- 
lutely wasted.  In  fact,  at  all  times  a  very  large  quantity  of  hot  water 
must  be  rejected  at  the  temperature  of  316  degrees  due  to  the  press- 
ure, and  as  in  the  case  of  cooking,  the  only  economical  way  Mould 
be  to  return  it  to  the  station  at  a  pressure  of  70  pounds.  If  it  were 
permitted  to  expand  down  to  the  pressure  of  the  atmosphere,  there 
would  be  2;89  cubic  feet  of  steam  per  pound  of  water  circulated,  or 
29. 4  cubic  feet  of  steam  at  atmospheric  pressure  in  the  returns  for 
each  pound  of  water  evaporated  into  steam  for  use  in  the  engines,  and 
the  volume  of  steam  in  the  return  pipes  would  be  about  Q0  times  as 
large  as  that  of  the  water  contained  in  the  same.  Of  course,  in  a 
small  plant  for  exhibition  purposes  radiators  may  be  arranged  to 
keep  down  the  temperature  rejected  from  cooking  and  power  sys- 
tems ;  but  a  slight  study  of  the  problem  will,  as  above  indicated,  show 
that  the  demands  for  different  purposes  cannot  be  adjusted,  even  in 
winter,  so  as  to  prevent  the  rejection  of  a  great  deal  of  heat,  and 
that  in  summer  the  heat  in  the  water  can  practically  only  be  util- 
ized through  a  small  range  of  the  higher  temperatures,  and  much 
the  greater  part  of  the  heat  must  be  rejected,  though  it  may  be  re- 
turned to  the  station  at  great  cost  and  be  saved  if  practical  means 
are  found  for  the  purpose. 

The  writer  has  thus  far  discussed  the  subject  in  the  abstract 
without  comparison  with  other  work.  At  this  point  it  may  be  of 
interest  to  state  that  precisely  the  feed-water  apparatus  described 
above  has  been  used  from  the  first  in  the  plant  of  the  New  Turk 
Steam  Company  designed  by  the  writer,  and  that  we  are  barely 
able  to  condense  the  steam  which  comes  back  in  the  returns  when 
half  the  feed-water  is  supplied  directly  from  the  Croton  mains  to 
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make  up  the  loss  due  to  the  escape  steam  from  high-pressure  en- 
gines supplied  on  the  lines.  At  times  a  portion  of  the  steam  from 
the  pumping-engines  can  also  be  condensed  in  the  tank,  but  at  others 
a  portion  of  this  escapes.  It  is  utterly  hopeless  to  do  better  or  even 
as  well  with  a  very  much  larger  proportion  of  hot  water  supplied 
from  the  returns. 

If  the  present  proposed  system,  to  return  the  water  at  high  press- 
ure, be  changed,  then,  without  helping  the  feed-water  question,  all 
the  old  complications  of  the  former  developments  of  the  system  will 
be  necessary  in  every  house,  and  under  some  circumstances  boilers 
would  necessarily  be  used  on  the  premises  arranged  to  be  heated 
by  hot  water  instead  of  fuel.  On  the  other  hand,  if  steam  be  used 
merely,  the  full  range  of  temperature  is  available  for  every  operation, 
and  the  heat  rejected  due  to  the  smaller  quantity  of  water  required 
be  readily  returned  to  the  station  by  the  surplus  pressure  in  the 
pipes. 

It  will  naturally  be  asked  what  the  probable  cost  of  pumping  the 
hot  water  will  be.  This  requires  the  assumption  of  a  certain  set  of 
conditions.  Previous  discussion  has  been  based  on  allowing  the  hot 
water  a  difference  of  pressure  at  the  two  ends  of  the  line  of  twice 
that  allowed  to  the  steam  between  the  station  and  the  point  of  use. 
On  this  basis,  with  a  comparatively  low  pumping  pressure,  say  a  dif- 
ference of  twenty  pounds  between  the  extremes  of  the  line,  the  net 
power  required  for  pumping  would  be  somewhat  more  than  one  per 
cent,  for  each  volume  of  water  pumped  compared  with  that  required 
to  be  pumped  in  the  boiler  for  a  steam  system.  Reckoning  the 
efficiency  of  steam-pumps  at  50  per  cent,  on  the  basis  of  one  horse- 
power for  the  heat  required  to  evaporate  30  pounds  of  water  from 
70  pounds  pressure  per  horse-power,  there  would  be  required  for 
circulating  water  for  heating  fully  11.4  per  cent,  of  the  power  trans- 
mitted through  the  pipes:  for  power  there  would  be  required  fully 
20.4  per  cent.,  and  for  cooking  fully  145.4  per  cent.  Higher  pump- 
ing pressures  would  of  course  entail  higher  losses.  For  the  steam 
plant,  on  the  contrary,  there  would  be  required  on  the  same  basis  for 
pumping  the  water  in  the  boiler,  a  little  less  than  2  per  cent,  of  the 
power  transmitted,  and  this  cost  would  be  independent  of  the  loss 
of  pressure  in  transmission.  The  water  in  the  returns  would  be 
forced  back,  as  has  been  stated,  by  surplus  pressure.  It  will  be  seen, 
therefore,  that  the  water  plant  will  not  onty  be  more  expensive  to 
construct  originally,  as  well  as  more  difficult  to  operate,  but  that 
the  actual  cost  of  the  operation  would  be  greater  in  the  proportions 
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stated,  independent  of  many  other  considerations  which  cannot  here 
be  discussed,  which  would  make  the  cost  still  greater  on  account  of 
the  indirect  method  of  doing  the  work. 

The  resistance  to  explosion  of  the  steam  and  of  the  water  pipes 
could  be  made  the  same  originally  by  increasing  the  thickness  of  the 
water-pipes  proportionally  to  their  increased  diameters  ;  but  if 
high  capacities  were  attempted  by  pumping  water  at  very  high 
velocities,  the  pipes  would  be  rapidly  scoured  out  so  as  in  time 
to  become  dangerously  thin.  In  case  of  a  break  in  the  steam-pipe, 
the  steam  dissipates  at  once  and  is  not  dangerous.  The  writer  has 
known  a  case  where,  through  carelessness  of  workmen,  a  man  was 
struck  full  in  the  body  at  a  distance  of  only  a  few  feet  by  a  jet  of 
steam  two  inches  in  diameter,  issuing  from  a  pipe  at  80  pounds  press- 
ure, but  no  injury  to  his  person  whatever  resulted.  Evidently, 
however,  a  single  quart  of  hot  water,  projected,  in  the  same  way, 
would  have  caused  fearful  scalds,  and  anything  like  the  same  quan- 
tity of  water  as  of  steam  would  have  caused  a  lingering  death.  Hot 
water  is  also  very  destructive  when  the  pressure  is  suddenly  re- 
leased, and  the  flying  particles  would  scald  persons  and  do  other 
injuries,  even  when  projected  long  distances. 

It  is  interesting  to  see  all  the  operations  of  cooking  performed  by 
hot  water  of  high  temperature,  but  evidently  every  one  of  these  op- 
erations could  be  performed  equally  well  by  steam  with  the  pressure 
due  to  such  temperature,  and  all  the  operations  would  be  much  more 
simple  and  economical.  In  other  words,  the  advantages  due  sim- 
ply to  high  pressure  are  claimed  for  hot  water.  It  may  be  said  that 
the  hot  water  at  the  high  temperature  ought  to  be  compared  with 
steam  at  the  pressures  ordinarily  carried,  but  the  steam  can  be 
supplied  at  the  high  pressure  much  more  readily  than  the  water. 
There  is,  however,  a  separate  question  as  to  the  relative  advantage 
of  transmitting  steam  at  the  high  pressure  of  235  pounds  referred 
to  above,  compared  with  a  transmission  at  a  pressure  of  80  or  90 
pounds  corresponding  to  that  ordinarily  used  in  practice.  Evidently 
the  lower  pressure  will  supply  all  the  steam  which  is  required  for 
heat  and  power  purposes  quite  as  well  as  if  generated  at  the  very 
high  pressure.  The  only  possible  object  in  increasing  the  pressure 
would  be  to  do  some  kinds  of  cooking  which  cannot  be  done  with 
the  lower  pressure,  and  it  may  be  claimed  to  save  something  in  the 
size  of  pipes.  So  far  as  the  latter  is  concerned,  the  increased  thick- 
ness must  also  be  taken  into  consideration.  The  culinary  opera- 
tions which  require  the  greatest  amount  of  heat  are  the  heating  of 
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water  and  the  boiling  of  meat  and  vegetables.  This  can  be  done 
with  perfect  satisfaction  with  a  steam  pressure  but  little  above  the 
atmosphere,  say  at  the  ordinary  heating  pressure  of  5  pounds  or 
under.  Meat  may  be  roasted  and  browned  satisfactorily  if  put  in 
steam-jacketed  vessels  direct!}7  on  the  metal  with  a  steam  pressure 
of  40  pounds.  This  is  done  everyday  in  many  saloons.  Of  course, 
steaks  and  chops  can  be  cooked  in  the  same  way  if  desired,  though 
without  the  aroma  of  slightly  scorched  meat  as  in  broiling.  Cake  and 
bread  can  be  cooked  but  not  browned  with  a  steam  pressure  of  80 
pounds.  The  higher  pressure  of  235  pounds  is  only  required  for 
such  operations  as  broiling  meat,  and  for  the  baking  and  satisfactory 
browning  of  bread  and  cake.  But  little  bread  is  baked  in  private 
houses,  and  that  required  may  be  sent  either  to  the  baker's  or  be  done 
in  the  house  by  customary  methods  on  a  particular  day  of  the  week. 
The  other  operations  stated  as  requiring  a  high  temperature  can 
readily  be  performed  at  very  slight  expenses  with  gas-stoves.  When 
the  comparatively  small  income  to  be  derived  from  this  particular 
work  is  considered  in  connection  with  the  enormous  cost  required  to 
do  such  work,  particularly  with  hot  water  and  also  to  some  extent 
with  steam,  it  appears  to  the  writer  that  it  will  not  pay  to  go  to  the 
extra  expense  and  risk  necessary  to  carry  steam  or  the  more  expen- 
sive hot  water  at  such  high  pressures  for  this  purpose  alone,  and  it  is 
hoped  that  this  presentation  will  enable  others  who  are  required  to 
assume  responsibilities  in  this  direction  to  judge  for  themselves 
what  limit,  everything  considered,  is  the  best  to  adopt. 

DISCUSSION. 

Mr.  C.  T.  Porter. — I  have  great  pleasure  in  agreeing  with  the 
conclusion  of  the  paper,  and  the  only  thing  that  T  propose  to  say,  is 
to  tell  a  little  story,  which  looks  very  much  at  first  as  if  it  would 
help  the  other  side.  It  is  interesting  in  itself,  however.  Quite  a 
number  of  years  ago,  in  the  city  of  New  York,  we  had  a  very  severe 
winter,  which  froze  our  water-pipes  very  seriously  indeed.  We 
had  more  trouble  that  winter  than  ever  before.  Mr.  Samuel 
Sloane,  who  is  not  so  well  known  to  the  present  generation  as  he 
was  to  the  last,  but  who  was  one  of  the  most  gifted  men  we  have 
had  (he  was  the  inventor  of  the  gimlet-pointed  wood  screw,  and 
the  machinery  for  making  it),  applied  his  ingenuity  to  meeting 
that  difficulty  of  freezing  pipes,  and  the  next  fall,  at  the  Fair  of 
the  American  Institute,  he  exhibited  a  very  admirable  apparatus 
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by  which  he  thawed  out  an  ordinary  lead  pipe  which  was  laid  in 
a  long  trough  filled  with  a  freezing  mixture,  and  while  the  pipe 
remained  imbedded  in  this  freezing  mixture,  he  thawed  the  ice 
through  it  at  the  rate  of  a  foot  a  minute.  Before  he  put  his 
apparatus  in  operation  there,  he  asked  me,  "  Can  you  tell  me 
which  contains  the  most  heat,  a  cubic  foot  of  steam  or  a  cubic 
foot  of  water,  at  212  degrees  ?  "  I  told  him  water  contained 
about  three  hundred  times  as  much  heat  as  an  equal  volume  of 
steam  at  atmospheric  pressure.  "  That  explains  it,"  he  said  ;  "  I 
could  not  do  anything  with  steam,  but  as  soon  as  I  tried  hot  wa- 
ter I  was  successful." 

The  hot  water  was  discharged  from  the  end  of  the  internal 
tube  against  the  ice,  and  flowed  back  through  the  annular  space, 
and  so  thawed  ont  the  pipe,  and  kept  it  thawed  out  right  through 
this  freezing  mixture.  Mr.  Sloane  expected  to  make  a  fortune 
out  of  that  invention,  but  I  doubt  if  he  ever  sold  one  apparatus. 

In  this  case  water  impinged  against  a  very  small  surface, 
and  it  would  part  with  all  of  its  heat  at  that  point,  and  it  was 
only  necessary  that  it  should  remain  warm  enough  not  to 
freeze  in  flowing  out.  The  advantage  of  water  over  steam  there 
shows  that  a  universal  rule  cannot  be  made  to  apply  to  all 
cases.  But  the  cases  in  which  water  has  an  advantage  over 
steam  are  very  few.  Steam  takes  itself  anywhere  upward,  and 
returns  in  water  to  the  boiler,  while  water  requires  to  be  pumped. 
Steam  will  rush  along  at  a  great  rate  when  wanted,  and  although 
the  heat  in  a  cubic  foot  of  steam  is  so  much  less  than  that  in  a 
cubic  foot  of  water,  still,  if  there  is  condensing  surface  enough,  it 
is  quite  as  efficient. 

Mr.  G.  H.  Babcock. — If  the  question  before  us  were  one  of  the 
quantity  of  heat  which  could  be  carried  by  a  given  sized  pipe,  of 
a  given  length,  in  a  given  time,  the  problem  would  be  a  simple 
one.  The  approximate  weight  of  any  fluid  which  will  flow  in  one 
minute  through  any  given  pipe  with  a  given  head  or  pressure  may 
be  found  by  the  following  formula  : 


in  which  TV  —  Weight  per  minute  in  pounds  avoirdupois, 
d    =  Diameter  of  pipe  in  inches, 
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D  —  Density  or  weight  per  cubic  foot, 
p1  -j)2  =  Pressure  per  square  inch  tending  to  produce  flow, 
and 
L  ==  Length  of  pipe  in  feet. 
Where  the  pipe  and  pressure  are  the  same,  the  only  variable  is 
the  density,  so  that 

Now,  the  quantity  of  heat  transmitted  is  equal  to  the  total  heat 
per  pound  multiplied  by  the  number  of  pounds. 

Let  Q  =  quantity  of  heat  per  minute,  and 
H=  total  heat  per  pound  of  the  fluid, 
then 

Q  <*  HVP'. 

With  steam  IT  increases  gradually  but  slightly  with  the  tem- 
perature, while  the  density  increases  in  rapid  ratio.  With  water 
H  increases  nearly  in  the  ratio  of  the  temperature,  while  D  de- 
creases slightly.  It  will  therefore  be  seen  that  with  both  these 
fluids  Q  will  increase  with  the  temperature,  but  most  rapidly  with 
steam.  Assuming  a  constant  motive  pressure,  the  curve  for 
water  is  practically  a  straight  line,  while  for  steam  it  rises  rapidly, 
so  that  it  is  evident  that  the  values  of  H  and  D  are  approaching 
each  other,  and  that  where  they  cross  the  value  of  Q  will  be  the 
same  for  both  fluids.  This  will  occur  at  about  1200°  tempera- 
ture, when  the  pressure  will  be  about  21,000  pounds  to  the  inch, 
and  the  total  heat  per  pound  wrould  be  about  1,400  units.  The 
diagram  (Fig.  163)  shows  the  two  curves  intersecting  at  that 
point. 

But  this  is  not  a  solution  of  the  problem,  because  it  is  not  a 
question  of  how  much  total  heat  may  be  transmitted,  but  of  how 
much  available  heat.  This  will  depend  upon  the  temperature  at 
which  the  water  from  each  system  is  rejected  at  the  point  of  use. 
This  will,  of  course,  be  dependent  upon  circumstances;  but 
assuming  that  it  is  the  same  in  each  case,  and  putting  it  at 
200  as  the  minimum,  this  amount  must  be  taken  from  the  value 
of  //  before  it  is  multiplied  by  the  square  root  of  the  density.  In 
the  case  of  water  this  gives  us  a  line  nearly  parallel  with  but 
gradually  approaching  the  curve  of  total  heat,  while  the  steam 
curves  are  divergent.  The  two  show,  however,  a  nearer  approxi- 
mation  to   equality.     A  higher  temperature  for  the  discharged 
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Fig.  163. 


water  will  show  still  more  to  the  disadvantage  of  the  water  system 
as  compared  with  steam,  and  it  needs  to  be  carried  to  only  about 
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300°  to  overcome  the  apparent  advantages  of  water  over  steam, 
and  reverse  their  relative  positions.  This  will  occur  when  the 
system  is  used  for  power. 

But  an  equal  amount  of  suiface  will  not  dispose  of  the  same 
amount  of  heat  in  equal  times,  when  supplied  with  water,  as  it 
will  when  supplied  with  steam.  The  experiments  of  Tredgold 
show  that  a  square  foot  of  cast-iron  surface  exposed  to  hot  water 
upon  the  one  side  and  ah"  upon  the  other  will  give  off  1.85  British 
thermal  units,  while  a  square  foot  of  sheet-iron  will  give  1.24. 
It  is  fair  to  suppose  that  the  wrought-iron  pipes  ordinarily  used  will 
be  a  mean  between  these  two,  giving  only  1J  units  per  hour  for 
each  degree  of  difference  in  the  temperature.  With  steam-heated 
pipes,  however,  3  British  thermal  units  for  each  degree  of  differ- 
ence in  temperature  is  the  usual  allowance.  It  will  therefore 
require  twice  as  much  surface  to  heat  a  building  to  the  same  de- 
gree with  the  water  as  with  the  steam  system,  both  being  at  the 
same  temperature,  while  at  the  same  areas  of  heating  surface  the 
water  will  part  with  one-half  of  the  heat  in  a  given  time.  The 
reason  for  this  difference  is  not  difficult  to  see.  When  steam  is 
cooled  below  the  normal  temperature  of  the  pressure,  it  instantly 
condenses  and  makes  room  for  another  supply  of  steam  to  take 
its  place,  so  that  the  heating  surface  is  always  supplied  with 
steam  at  full  temperature.  With  water,  however,  the  tilm  of 
water  lying  next  to  the  surface  parts  with  its  heat  and  is  cooled, 
after  which  it  does  not  give  way  for  hotter  water  to  take  its  place, 
but  remains  as  an  impediment  to  the  transmission  of  the  heat 
froin  the  hotter  water  within.  As  a  practical  means,  therefore, 
of  heating  buildings  from  a  central  station,  it  would  seem  that  the 
water,  although  capable  of  transmitting,  under  usual  conditions, 
a  greater  amount  of  heat  in  a  given  time,  will  not  be  able  to  util- 
ize the  heat  thus  transmitted  without  a  much  greater  increased 
expenditure  for  heating  surface. 

Mr.  Geo.  21.  Bond. — I  would  say  that  in  the  manufacture  of  paper 
barrels,  which  has  been  perfected  by  a  company  having  built  their 
machinery  in  Hartford,  the  use  of  hot  water  is  found  to  be  far 
superior  to  steam  in  drying  the  pulp  of  which  the  barrels  are 
made.  Steam  was  first  tried,  but  was  found  to  act  too  slowly  for 
the  operation.  With  hot  water  the  barrels  are  dried  in  about 
seven  minutes  almost  as  hard  as  a  piece  of  seasoned  lumber. 
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CCLI. 

TESTS   OF  THE    COMPARATIVE  VALUE    OF  DIFFER- 
ENT KINDS   OF  BELTING. 

BY   SAMUEL  WEBBER,   CHAKLE8TOWN,  N.  H. 

(Member  of  the  Society.) 

The  arrangements  for  the  different  experiments,  of  which  the 
results  are  shown  in  the  accompanying  tables,  were  made  earlv  in 
the  summer  of  1886,  but  various  circumstances  prevented  their 
execution  until  December  of  that  year,  when  they  were  taken  up 
and  continued  during  a  period  of  several  weeks. 

When  the  tests  were  begun,  the  writer  was  unaware  of  the 
experiments  made  by  Messrs.  "William  Sellers  &  Co.,  which  were 
described  in  a  paper  read  by  Mr.  "Wilfred  Lewis*  in  May,  1886  ;  he 
might  then  have  so  designed  his  apparatus  as  to  have  been  able  to 
contribute  some  farther  information  as  to  the  relative  value  of 
T1  and  T-.  or  the  tension  on  the  driving  and  slack  sides  of  the  belt, 
and  he  would  probably  have  adopted  the  arrangement  described  by 
Mr.  Lewis  for  determining  the  slip,  as  more  accurate  and  positive 
than  the  one  which  he  thought  of  and  used  for  that  purpose. 

As  his  intention  was,  however,  rather  to  determine  the  relative 
driving  capacity  of  various  kinds  of  belting  than  to  establish  any 
formula  by  which  such  belting  might  be  applied,  the  apparatus 
which  he  used  answered  the  desired  purpose  very  satisfactorily,  and 
the  results  obtained,  when  compared  with  those  furnished  by  Mr. 
Lewis  and  Professor  Lanza  in  a  previous  paper,  f  may  aid  in  estab- 
lishing some  such  definite  formula  for  practical  use. 

The  apparatus  employed,  as  shown  in  the  accompanying  plan  and 
elevation  (Figs.  109  and  110),  was  as  follows :  A  is  the  main  shaft  in 
the  room,  driven  direct  from  the  engine  which  furnished  the  neces- 
sary power  for  the  belt  factory  where  the  experiments  were  made, 
by  the  main  belt  D,  which  led  from  an  8  ft.  pulley  on  the  engine 
to  one   of  4  ft.  on  the  main  shaft.     The  engine  had   a  "  "Wheel- 

*  No.  CCXIII.  Trans.  A.  S.  M.  E.,  Vol.  VII.,  p.  549. 
+  No.  CCII.  Trans.  A.  S.  M.  E.,  Vol.  VII.,  p.  347. 
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ock"  cylinder,  10"  x  30",  was  making  60  revolutions  per  minute, 
and  was  ordinarily  used  with  a  boiler  pressure  of  60  lbs.  per  inch. 
Shaft  A,  therefore,  made  120  revolutions  per  minute,  and  from 
a  24"  pulley  on  it,  the  belts  to  be  tested  were  taken  to  a  similar 
pulley  on  the  brake-shaft  M,  which  was  supported  from  the  floor,  as 
shown  in  the  elevation,  at  a  height  of  2  ft.  above  it,  and  carried  the 
friction  pulley  C,  24"  diam.,  7"  face,  with  flanges  1"  deep,  which  kept 
the  brake  B  in  position.  Ths  two  shafts  were  12  ft.  6TV'  from 
center  to  center,  having  a  horizontal  distance  of  11  ft.  and  a  ver- 
tical of  5  ft.  6",  and  the  direction  of  the  belt  was  such  as  to  bring 
the  strain  on  the  under  side,  leaving  the  slack  side  on  top.  The 
brake  was  made  of  two  pieces  of  spruce  timber  7  ft.  square  and  9  ft. 
6"  and  3  ft.  6"  long  respectively.  These  were  scooped  out  to  a 
depth  of  3",  with  a  radius  of  a  2-foot  circle,  and  grooved  in  "  her- 
ring-bone" grooves  around  the  curve  to  admit  of  the  free  passage 
of  the  lubricant,  which  was  simply  strong  soapsuds,  and  was  fed 
from  the  cans  S  S  on  the  top  of  the  brake. 

The  vibrations  of  the  brake  were  controlled  by  the  "  dash-pot "  F, 
which  was  8A"  interior  diameter  and  12"  deep,  with  a  piston  hav- 
ing a  clearance  of  rather  less  than  -^  inch. 

The  radius  of  the  brake  circle  was  5  ft.  3T  ",  scant,  being  as 
near  as  possible  to  5.252  ft.,  or  the  radius  of  a  33  ft.  circle. 

This  dimension  was  adopted  to  facilitate  the  calculation  of  the 
horse-power  attained  on  the  spot,  as  it  was  only  necessary  to 
multiply  the  weight  shown  on  the  scale  by  the  Rjp  m  of  the  pulley 
to  get  the  power  at  ouce  by  striking  off  decimals.  The  number  of 
revolutions  of  the  brake-shaft  was  ascertained  by  counting  the 
seconds  between  the  strokes  of  the  bell  i,  which,  by  means  of  a 
worm  and  gear,  was  rung  every  100  revolutions  of  the  shaft. 

A  worm  gear  and  dial  II  were  driven  from  the  main  shaft  by  a 
cross-belt  on  grooved  pulleys,  and  an  observer  at  that  dial  counted 
the  revolutions  of  the  main'  shaft  corresponding  to  100  of  the 
brake-shaft,  by  letting  the  pointer  on  the  dial,  which  was  an  easy 
lit  on  the  shaft,  start  when  the  bell  rang  on  the  brake-shaft,  and 
noticing  the  point  it  had  reached  at  the  next  ring.  This  apparatus 
was  all  so  light  that  there  was  no  possibility  of  slip  or  lost  motion 
in  it. 

Before  commencing  the  tests,  the  brake  was  perfectly  balanced 
by  suspending  it  by  means  of  the  hook  K,  placed  directly  over  the 
center  of  the  pulley,  with  the  scales  attached,  and  the  dash-pot 
filled  with  water  and  the  piston  in  place.     After  the  weight  G  was 


COMPARATIVE   VALUE   OF  DIFFERENT   KINDS   OF  BELTES'G.         533 

ascertained  and  adjusted,  it  was  never  changed  or  removed,  and  the 
brake  was  never  known  to  move  from  any  nearly  level  position  in 
which  it  was  left,  after  releasing  it  from  the  pulley. 

To  facilitate  the  operation  of  weighing,  a  spring  balauce  was 
used,  obtained  of  Charles  Forschner,  of  Xew  York,  having  a  dial 
graduated  to  250  lbs.  This  was  found  to  be  capable  of  weighing  up 
to  30  lbs.  more,  after  describing  the  circle,  but  was  not  used  to  that 
extent,  although  occasionally  strained  to  register  10  lbs.  over,  or 
260  lbs. 

This  was  carefully  tested  and  found  to  be  entirely  accurate,  and, 
with  a  companion  of  the  same  size,  was  used  in  getting  the  strain 
applied  to  the  belts,  when,  later  on,  the  two,  by  the  use  of  levers, 
being  made  to  register  1,000  lbs. 

The  dash-pot  checked  the  vibrations  of  the  brake-arm  so  that  we 
were  able  to  read  the  scale  very  accurately,  and  it  proved  a  very 
rapid  and  easy  method  of  determining  the  load  on  the  brake. 
Having  provided  ample  surface  for  the  friction,  in  the  brake  and 
pulley,  the  whole  apparatus  worked  smoothly  and  perfectly,  and 
the  only  trouble  encountered  was  the  inability  of  the  engine  to  fur- 
nish sufficient  power  to  test  fairly  a  12"  belt. 

One  attendant  was  employed  at  the  brake  lever  to  screw  up  the 
nuts  of  the  clamp,  and  another  to  keep  the  soap  cans  tilled,  and 
Mr.  F.  H.  Underwood  assisted  me  in  the  count  of  revolutions, 
checking  each  other  at  every  experiment. 

The  hook  to  which  the  scale  was  attached  had  a  sharp  knife- 
edge,  which  was  set  as  accurately  as  possible  tq  the  exact  distance 
from  the  center  of  the  shaft  required  for  the  radius  of  the  33  foot 
circle.  I  have  been  thus  full  in  my  description  of  the  apparatus 
used,  because  I  have  found  the  want  of  it,  in  reading  other  papers, 
not  being  able  to  follow  all  the  results  clearly. 

The  engine  was  supposed  by  Mr.  Underwood,  when  the  tests 
were  proposed,  to  be  of  35  HP.,  which  is  higher  than  I  should  rate 
it,  and  we  found  it  impossible  to  make  the  more  important  tests 
while  the  factory  was  in  operation,  and  had  to  do  them  at  dinner- 
time and  in  the  evening.  Each  test  occupied  from  half  an  hour  to 
an  hour  and  a  half;  and  another  belt  was  then  put  on  the  pulleys 
and  allowed  to  run  without  any  load  but  that  of  the  brake-shaft  and 
pulleys  for  half  a  day  before  testing,  in  order  to  let  it  get  fitted  to 
the  pulleys  as  much  as  possible. 

The  insufficiency  of  the  engine  is  clearly  seen  in  the  loss  of  speed 
in  the  driving-shaft,  as  the  load  was  increased,  and  as  the  main  belt 
35 
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was  taken  up  3  inches  after  the  first  preliminary  tests,  and  no  sign 
of  slip  in  that  noticed  afterward,  this  loss  of  speed  can  only  be 
due  to  the  engine.  In  one  or  two  tests,  slight  variations  can  be 
noticed  due  to  forcing  the  fires  so  as  to  get  75  lbs.  of  steam  on  the 
boilers. 

Table  1  gives  the  result  of  the  tests  of  an  ordinary  leather  belt, 
in  good  working  order,  taken  off"  one  of  the  machines  in  the  fac- 
tory, and  of  a.2-ply  leather-lined  canvas  belt  of  the  same  length, 
width,  and  weight,  put  on  merely  as  preliminary  experiments,  be- 
fore the  scales  for  weighing  the  tension  were  ready ;  to  test  the 
operation  of  the  brake. 

Tables  2  and  3  contain  the  records  of  the  tests  of  a  heavier 
"  cotton-leather  "  belt,  as  it  is  designated  by  the  makers,  the  details 
of  which  are  fully  explained  in  the  tables.  It  will  be  seen  that  it 
was  tested  under  two  different  tensions,  and  under  the  heavier  ten- 
sion, at  two  different  velocities. 

Tables  4  and  5  give  the  results,  with  one  of  the  well-known  best 
single  leather  belts,  entirely  new,  as  were  all  the  others,  but  being 
somewhat  rigid,  not  giving  quite  as  good  results  as  it  would  have 
done  after  six  months'  use.  Changing  the  side  to  the  pulley 
showed  no  essential  difference.  Not  gettiug  entirely  satisfactory 
results  from  it,  at  the  width  of  12  inches,  it  was,  together  with 
the  12"  raw-hide  and  the  cotton  and  leather  belt  of  the  same  width, 
split  down  to  8-r  inches,  and  tested  again,  as  shown  in  TuMe  6. 
This  belt  did  not  appear  to  have  stretched  any  more,  after  the 
strain  of  1,000  lbs.,  was  first  put  on,  as  noted  in  Table  5,  but  did 
not  even  then  appear  to  have  fairly  fitted  itself  to  the  pulley. 

Table  7  contains  the  results  of  the  test  of  a  cotton  duck  belt 
which  requires  no  farther  explanation  than  is  given  in  the  table. 

Table  8  gives  the  record  of  the  tests  of  a  remarkable  structure 
of  leather  and  iron,  known  as  a  "link  belt."  No  farther  comment 
is  needed  than  that  given  in  the  table  to  show  the  incorrect  princi- 
ple on  which  it  is  constructed. 

Table  9  shows  the  tests  of  a  woven  canvas  belt,  woven  4-ply, 
not  stretched  like  the  belt  in  Table  7.  When  received,  it  sinelled 
very  strongly  of  linseed-oil,  and  appeared  to  have  been  dusted  over 
with  powdered  soapstone,  which  caused  it  to  slip  very  badly  on  the 
first  trial  with  a  light  strain,  but  on  the  application  of  a  strain  of 
1,000  lbs.,  gave  very  good  results,  and  but  for  want  of  time  and 
an  unwillingness  to  spoil  the  belt,  would  have  been  cut  down  to  8£ 
inches,  and  tested  farther,  and  on  other  pulleys. 
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Table  10  is  that  of  a  first-class  rubber  belt,  which  is  fully  ex- 
plained. It  will  be  noticed  that  it  showed  no  signs  of  slip  in  any 
test  until  it  went  off  finally,  and  on  the  last  one  was  found  to  be 
somewhat  "demoralized,"  the  rubber  chafing  in  places.  The  last 
tension  of  83|-  lbs.  per  inch  was  probably  greater  than  should  have 
been  applied  to  the  belt. 

Table  11  gives  the  first  series  of  tests  of  what  was  called  a  "  raw- 
hide belt,"  which  I  suppose  to  have  been  the  same  material  as 
that  mentioned  by  Mr.  Lewis,  in  his  paper,  under  the  same  name. 
Although  this  could  not  be  called  strictly  "raw-hide,"  it  was  evi- 
dently prepared  in  some  manner  which  was  not  ordinary  tanning. 
It  possessed  great  softness  of  surface  and  flexibility,  and  hugged 
the  pulleys  in  a  wonderful  manner,  and,  as  is  shown,  slipped  very 
little,  until  the  final  test. 

Table  12  shows  the  result  of  trials  of  the  same  belt,  on  wooden 
pulleys,  when  the  power  of  the  engine  was  practically  exhausted, 
and  the  belt  was  then  cut  down  to  8£  inches,  and  the  test  repeated, 
as  shown  in 

Table  13.  Here  the  belt  was  simply  laced  as  before,  in  the  old 
holes,  but  the  original  strain  of  1,000  lbs.  now  gave  117.7  lbs.  per 
inch,  and  while  giving  a  higher  power  per  inch  of  width  than  be- 
fore, the  strain  stretched  the  belt  permanently,  as  it  was  found  to 
be  much  looser  when  laced  on  to  the  pamper  pulleys,  and  the  tension 
was  measured  at  the  end  of  the  trials  on  them,  and  found  to  have 
shrunk  to  660  lbs.,  while  the  belt,  when  taken  off  and  measured  by 
the  3£"  strip  which  had  been  split  off,  was  found  to  have  stretched 
If  inches.  This  may  possibly  have  been  partially  done  in  the  trial 
on  the  wooden  pulleys,  while  of  the  full  width  of  12  inches,  but  was, 
I  think,  mainly  due  to  the  strain  of*  the  test  after  reduction  of 
width. 

It  will  be  seen  that  this  final  test  on  the  paper  pulleys  varies  but 
very  little  from  the  results  obtained  from  the  new  leather  belt, 
which  did  not  seem  to  have  stretched  any  more  than  noted  in  the 
tables. 

Table  14  gives  the  results  obtained  with  a  plain  canvas  belt,  such 
as  used  by  the  Underwood  Manufacturing  Company,  as  the  basis 
for  their  cotton-leather  belt,  the  first  trial  of  it  being  made  just  as 
it  came  from'  the  factory,  the  second  one  after  it  had  been  sized,, 
and  the  third  of  the  same  belt  under  double  tension. 

These  are  mainly  interesting  as  showing  the  impossibility  of 
obtaining  any  great  friction  from  simple  woven  canvas. 
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Tables  15  and  16  show  the  results  obtained  with  a  12"  cotton- 
leather  belt,  under  different  tensions  on  iron  pulleys,  and  under  the 
highest  tension  on  wooden  pulleys,  and  Table  17  gives  the  records  of 
the  same  belt  cut  down  to  8^  inches  on  the  wooden  and  paper  pulleys. 

It  will  be  seen  that  this  belt  did  not  stretch,  but  retained  its  ten- 
sion after  the  last  test,  and  it  will  also  be  noticed  that  the  slip  on 
the  wooden  and  paper  pulleys  was  very  slight  to  the  end. 

This  belt  consists  of  a  firmly  woven  duck  or  canvas,  which  is  first 
stretched  by  running  it  at  a  high  speed  over  pulleys,  which  are  ad- 
justable by  means  of  screws  to  any  required  tension,  and  after  the 
stretch  seems  to  be  thoroughly  taken  out  of  it,  a  thin  and  soft 
leather  lining  is  cemented  on  to  one  side,  under  heavy  pressure,  so 
as  to  make  a  holding  surface  to  be  run  next  the  pulleys.  The  can- 
vas is  woven  two,  three,  four,  or  more  "  plies  "  in  thickness,  and  of 
any  desired  width ;  and  a  sample  of  this,  and  of  the  other  belts 
tested,  are  exhibited  herewith. 

It  will  be  seen,  by  examination  of  these  tables,  that  they  fully 
corroborate  the  conclusion  arrived  at  by  Mr.  Lewis,  as  to  extent  of 
slip  with  which  a  belt  will  remain  on  the  pulleys,  and  which,  as 
shown  by  his  experiments,  seems  to  be  about  20  per  cent. 

In  determining  the  co-efficient  of  effect,  or  friction,  which  I  un- 
derstand to  be  the  same  thing,  I  have  simply  divided  the  power 
shown  by  the  brake  by  the  sum  of  the  tensions,  T1  +  T2,  or  twice 
the  strain  with  which  the  belt  was  laced  on,  multiplied  by  the 
speed  of  belt  in  ft.  per  minute. 

This  is  the  only  way  in  which  I  can  look  at  it,  and  although  I 
have  not  succeeded  in  obtaining  any  co-efficients  of  over  100  per 
cent.,  these  results  only  agree  with  the  old  axiom,  that  "a  part  can- 
not be  greater  than  the  whole." 

It  will  be  seen  that  the  "  rawhide  "  belt,  as  well  as  the  cotton 
and  leather  belt,  gave  co-efficients  of  over  50  per  cent,  and  the 
writer  is  of  the  opinion  that  the  new  leather  belt  would  have  reached 
50  per  cent,  had  it  been  well  oiled  and  flexible,  as  it  might  become 
after  six  months'  use.  It  had  been  kept  some  time  in  a  warm 
dry  room,  and  was  rather  stiff,  and  does  not  seem  to  have  given 
the  power  which  it  ought.  It  certainly  was  in  no  wise  stretched 
or  injured  in  the  experiments. 

In  a  little  volume  which  the  writer  published  a  few  years 
since,*  he  endeavored  to  harmonize  a  number  of  rules  given  by 

*  Mamml  of  Power  for  Machines,  Shafts,  and  Belts.  D.  Appleton  &  Co., 
N.  Y.,  1879. 
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different  parties,  for  determining  the  width  and  horse-power  of 
belts,  all  using  as  a  factor  the  amount  of  surface  contact.  Sub- 
sequent experiments  of  his  own,  which  were  reported  at  the  Hart- 
ford meeting  of  this  Society,*  in  the  spring  of  1881,  finally  con- 
vinced him  that  the  extent  of  surface  had  nothing  to  do  with  the 
matter,  and  that  the  "  arc  of  contact "  was  the  only  factor  to  be 
considered,  and  that  with  an  assumed  co-etiicient  of  friction  of  50 
per  cent.,  the  following  formula  might  be  safely  adopted. 

This  only  requires  the  initial  knowledge  of  the  tension  with 
which  the  belt  is  put  on,  and  which  may  vary  from  330  to  350  lbs. 
per  sq.  in.  of  belt  section.  With  the  exception  of  this  change  in 
formula,  the  writer  sees  no  reason  to  change  any  of  the  views  or 
tables  expressed  or  published  in  the  aforesaid  "  Manual  of  Power," 
as  these  tests  fully  confirm  them  and  show  a  much  greater  power 
obtainable  from  a  single  belt  than  that  deduced  by  Mr.  Lewis  from 
Mr.  Ragle's  theoretical  formula. 

The  proposed  formula  is  as  follows  : 

,  ,  .    .     ,  Xo.  HP.  x  33000  x  180° 

Width  in  inches  = 


vel.  in  ft.  )        (  strain  in  lbs.    )  . 

per  min.    \  X  \  per  inch  width  f   x  arc  of  conL 


and 


-rrp  _  vel.  in  ft.  x  strain  per  in.  x  width  x  arc  of  contact 
'  ~  _        33000.x  180° 

With  the  strain  known,  or  assumed,  these  results  are  easily  attain- 
able. 

Agreeing  fully  with  the  views  expressed  by  various  gentlemen 
at  the  Chicago  meeting,  that  there  is  yet  a  good  deal  more  to  be 
learned  about  this  matter,  I  have  made  this  paper  as  full  as  possible 
of  the  facts  regarding  the  experiments,  on  which  Mr.  Underwood 
and  I  have  spent  many  weeks,  leaving  the  matter  open  for  any  one 
to  deduce  as  many  theories  as  possible.  The  results  fairly  prove 
the  great  driving  capacity  of  that  style  of  belt  to  test  which  these 
trials  were  planned. 

*  Traus.  A.  S.  M.  E.,  Vol.  II.,  p.  224. 
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TABLE  I. 

Record  of  Belt  Tests  at  Underwood  M'f'g  Co.'s  Shop,  Tolland,  Conn.,  December 
15,  1886.  One  old  leather  belt  in  good  order,  3  in.  wide,  £  in.  tbick,  31  ft.  2  in.  long. 
Weight,  6|  lbs.;  strain  on  belt  not  taken  :  stretched  to  31  ft.  4^"  ;  iron  pulleys, 
crowned  A-  inch. 


Lbs. 

on  brake. 

Rpm. 

HP. 

Rpm. 
driver. 

Slip. 

Ft.  per  m.  ] 
^peed 
belt. 

T-i  +  Ti 
Total 
strain. 

Coeff. 
effect 

or 
friction. 

Ft.  perm. 
to  1  HP. 

per  in. 

15 

120 

1.80 

120 

0 

754 

1,256 

20 

117.6 

2.36 

cc 

2% 

754? 

£•0 

it       . 

988 

25 

117.6 

2.95 

(( 

<< 

T--.4  V 

|§ 

766 

30 

115.4 

3.45 

(( 

3.83 

754  ■'. 

52 

gl 

655 

35 

100 

3.50 

u 

16.66 

754? 

600 

40       Belt  slipped  off  entirely. 


One  new  2-ply  cotton  leather  belt,  3  in.  wide,  31  ft.  2  in.  long  ;  weight,  1\  lbs. 
'  thick,  put  on  with  strain  (not  taken)  ;  stretched  to  31  ft.  4^".     Iron  pulleys. 


Lbs. 
on  brake 


Rpm. 

HP. 

Rev. 
driver. 

Slip. 

117.6 

3.52 

117.6 

0 

117.6 

4.13 

" 

0 

111 

4.46 

" 

5.62^ 

100 

4.95 

a 

7.31 

109.2 

5.35 

" 

8.85 

101.7 

5.61 

<< 

13.7 

98 

6.86 

a 

20  £ 

Ft.  perm.     T1  +  7"2 
speed  Total 

belt.       1    strain. 


30  117.6       3.52  117.6       0  739  630 

35  117.6       4.13  "  0  739?  %  1  537 

40  111  4.46  "  5.62^      789?  -=  ■=  504 

45  100  4.95  "  7.31         739?  £  |  448 

50  109.2       5.35  "  8.85        7;J.9  ?  414 

55  101.7       5.61  "  13.7  739?  1  %  395 

70  98  6.86  "  20  £  739?  D  ^  323 

75  Belt  slipped  off  pulleys.  Main  belt  probably  slipped  also.  Speed  of 
driving-shaft  uncertain.  These  two  belts  were  put  on  to  try  the  working 
of  the  brake,  were  cut  the  same  length,  and  thrown  on  to  pulleys  with- 
out weighing  tension. 


Coeff. 
effect 


friction. 


Ft.  perm. 

to  1  HP. 

per  in. 


TABLE  II. 

Record  of  Belt  Tests  at  Underwood  M'f'g  Co.,  Tolland,  Conn.,  December  16, 
1886.  One  5-ply  cotton  leather  belt,  31  ft.  2"  long,  5  wide,  -&"  thick,  19  lbs., 
stretched  to  31'  44",  with  strain  of  380  lbs.,  76  lbs.  per  in.  Iron  pulleys,  crowned 
tV  inch. 


Lbs. 
on  brake. 

Rpm. 

HP. 

Rpm. 
driver. 

Slip. 

Ft.  belt 
per  min. 

Total 

strain 

T1  +  T*. 

Coeff. 
effect 

or 
friction. 

Belt 

Ft.  perm. 

to  HP. 

per  in. 

50 

120 

6 

120 

0 

754 

760 

.345 

628 

60 

120 

7.20 

120 

0 

754 

760 

.416 

524 

70 

115.5 

8.08 

117.6 

1.30 

739 

760 

.465 

466 

75 

115.5 

8.77 

117.6 

1.30 

7>!9  ? 

760 

.516 

421 

80 

115.5 

9.20 

117.6 

1.30 

739 

7(»0 

.541 

402 

85 

113.2 

9.60 

115 

1.70 

725 

760 

.575 

377 

90 

109 

9  81 

113 

3.54 

697 

760 

.613 

355 

100 

98.3 

9.83 

109 

9.80 

684 

760 

.624 

348 

110 

82.2 

9.02 

105 

21.5 

663 

760 

.595 

344 

115 


Belt  slipped  off  pulleys  ;  main  belt  found  to  slip  also,  and  the  speed  of 
driving-shaft  uncertain. 
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December  30,  1886. 
crowned  i  inch. 


Same  belt  with  same  tension,  on  Dodge's  wooden  pulleys 


Coeff. 

Belt 

Lbs. 
on  brake. 

Rpm. 

H.P. 

Rev. 
driver. 

Slip. 

Ft.  belt 
per  min. 

2>i  +  ys 

effect 

or 
friction. 

Ft.  perm. 
to  HP. 
per  in. 

30 

120 

3.60 

120 

0 

754 

760 

.207 

1,047 

40 

120 

4.80 

120 

0 

754 

760 

.276 

785 

50 

120 

6 

120 

0 

754 

760 

.345 

628 

60 

117.6 

7.05 

117.6 

0 

739 

760 

.415 

524 

70 

117.6 

8.21 

117.6 

0 

739 

760 

.483 

450 

80 

117.6 

9.32 

117.6 

0 

739 

760 

.5-18 

396 

90 

113.2 

10.19 

113.2 

0 

711 

760 

.622 

348 

100 

100 

10 

115.4 

13* 

725 

760 

.600 

362 

Belt  still  on  pulleys,  but  test  stopped  on  account  of  evident  loss  of  power  by 

slip. 

TABLE   III. 

Record  of  Belt  Tests  at  Underwood  M'f'g  Co.      Same  5''  belt  reported  in  Table 

II.  on  iron  pulleys,  with  strain  of  584  lbs.  =  117  lbs.  per  incb,  January  6,  1887. 


Ft.  belt 

Lbs. 
on  brake. 

Rpm. 

HP. 

Rpm. 
driver. 

Slip. 

Ft.  belt 
per  min. 

yi  +  j"2_ 

Coeff. 
effect. 

per  min. 

per  HP. 

perl  inch. 

50 

120 

6 

120 

0 

754 

1,168 

.225 

628 

60 

120 

720 

120 

0 

754 

1,168 

.266 

524 

70 

117.6 

8.23 

117.6 

0 

739 

1,168 

.315 

449 

80 

117.6 

9.41 

117.6 

0 

739 

1,168 

.360 

392 

90 

114. 3 

10.29 

114.3 

0 

718 

1,168 

.405 

348 

100 

111 

11.10 

112.2 

1.08 

704 

1,168 

.444 

317 

110 

1(19 

12 

112.2 

2.85 

704 

1,168 

.480 

293 

120 

105.3 

12.63 

111.6 

5.65 

698 

1,168 

.511 

277 

125 

100 

12.50 

112 

10.75 

704 

1,168 

.500 

280 

Stopped  test  in  good  order  from  loss  of  power. 

Same  belt.    January  5, 1887.     Same  strain,  increased  speed  from  46"  iron  pulley 
on  driving-shaft. 


Ft.   belt 

Lbs. 
on  brake. 

Rpm. 

HP. 

Rpm. 
driver. 

Slip. 

Ft.  belt 
per  min. 

T1  +  T*. 

Coeff 
effect. 

per  min. 

per  HP. 

perl  inch. 

40 

230.8 

9.23 

120 

0 

1,445 

1,168 

.180 

783 

50 

226.4 

11.32 

117.7 

0 

1,417 

1,168 

.224 

626 

55 

222.2 

12.22 

115.5 

0 

1.391 

1,168 

.248 

569 

60 

214.3 

12.86 

111.5 

0 

1,343 

1,168 

.270 

522 

70 

214.3 

15 

111.5 

0 

1,343 

1,168 

.315 

448 

80 

210.5 

16.84 

109.7 

0 

1,321 

1,168 

.360 

392 

90* 

206.9 

18.62 

108 

0 

1,301 

1,168 

.404 

349 

100 

200 

20 

106 

1.50 

1,276 

1.168 

.441 

319 

110 

200 

22 

106 

1.50 

1,276 

1.168 

.487 

290 

115 

200 

23 

106 

1.50 

1,276 

1,168 

.509 

277 

120 

200 

24 

106 

1.50 

1,276 

1,168 

.531 

266 

125 

196.7 

24.59 

106 

3.10 

1,276 

1,168 

.544 

255 

130 

184.6 

24. 

101.5 

5.50 

1,2-22 

1,168 

.5o5 

254 

Stopped  in  good  order,  but  power  reduced  beyond  maximum,  from  over-loaded 
engine. 

*  Raised  higher  steam  in  boilers* 
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TABLE  IV. 
Record   of   Belt    Tests    continued    on    iron     pulleys.       Best    quality   single 
Leather  Belt,  12"  wide,  \"  thick,  weight  34|  lbs.,  cut  31  ft.  long,  stretched  2^ 
inches,  with  520  lbs.  strain  ;  2  inches  added  to  make  length  31  ft.  44".     Strain 
=  43^  lbs.  per  inch.     December  16,  1886. 


Lbs. 
on  brake. 


50 
60 
70 
80 
85 


Rpm. 

HP. 

Rev. 

driver. 

Slip. 

113.2 
111 

101.7 
81 

5.65 
6.6(5 
7.14 
6.96 

120? 
120? 
120? 
120? 

? 
? 
? 
? 

Belt. 
Ft.  per  min.  I 


754? 
754? 
754? 
754? 


fi  +  ya. 


1,040 
1,040 
1,040 
1,040 


Coeff. 
effect. 


.285? 
.336? 
.423? 
.351 


Belt  ft. 
per  min. 
per  1  HP. 


1,600  ? 
1,360? 
1,267? 
1,300? 
Main  belt 


Belt  slipped  off.    Tension  too  light  to  give  any  result  of  value, 
also  slipped,  and  3  inches  were  cut  out  of  that 

December  21,  1886.     Same  belt  repeated  with  strain  increased  to  750  lbs.,  or 
621  lbs.  per  inch.     2"  previously  laced  in,  and  2|  in.  more,  cut  out. 


Lbs. 
on  brake. 

Rpm. 

HP. 

Driver 

rev.  per 

min. 

Slip. 

50 

112 

5.60 

112 

0 

60 

112 

6.72 

112 

0 

70 

111 

7.77 

111 

0 

80 

109 

8.72 

111 

1.80£ 

00 

107.2 

9.65 

110 

2.55 

100 

103.4 

10.34 

109 

5.14 

110 

101.2 

11.12 

108.8 

7 

120 

97 

11.64 

108.4 

10.5 

125 

87 

10.87 

105.2 

17.3 

Belt  ft. 
per  min. 


704  1,500  .175  1.508 

704  1,500  .210  1.257 

697  1,500  .245  1,076 

697  1,500  .275  959 

691  1,500  .307  859 

685  1,500  .332  795 

684  1,500  .357  738 

680  1,500  .377  700 

662  1,500  .361  730 

130        Belt  slipped  off  pulleys.     Strain  evidently  too  light  to  get  power  of  belt. 


T*  +  T*. 


Coeff. 
effect. 


Ft.  belt 
per  HP. 
per  in. 


TABLE  V. 

Record  of  Belt  Tests  continued,  December  21,  1886.  12"  Belt  continued,  with 
strain  of  1,000  lbs.  =  83-j  lbs.  per  inch,  21  inches  cut  out  to  butt,  grain  side  to 
pulley. 


Lbs. 

on  brake. 

Rpm. 

HP. 

Rev. 
driver. 

Slip. 

Ft.  belt 
per  min. 

2^  _i_  y^ 

Coeff. 
effect. 

Belt  f  t.per 
min.  per 
HP.  1  in. 

50 

115.4 

5.75 

115.4 

0 

725 

2,000 

.131 

1,513 

60 

115.4 

6.90 

115.4 

0 

725 

2,000 

.157 

1,260 

70 

113.2 

7.92 

113.2 

0 

711 

2,000 

.161 

1,077 

80 

111 

8.88 

111 

0 

697 

2,000 

.214 

942 

90 

160 

9.90 

111 

1.00* 

697 

2,000 

.234 

845 

100 

109 

10.90 

111 

1.96 

697 

2,000 

.258 

768 

110 

107.2 

11.79 

111 

2.91 

697 

2,000 

.280 

709 

120 

106.2 

12.50 

110.4 

3.85 

693 

2,000 

.300 

665 

130 

102 

13.26 

108 

5.66 

679 

8,000 

.322 

614 

140 

100 

14.00 

108 

7.41 

679 

2,000 

.340 

582 

145 

98.4 

14.27 

107 

8.25 

672 

2,000 

.350 

565 

150 

95.25 

14.29 

105.7 

10.00 

663 

2,000 

.355 

557 

160 

92.3 

14.77 

105 

13.00 

660 

2,000 

.369 

538 

165 

87 

14.35 

114 

17.3 

717 

2,000 

.330 

600 

Stopped  on  account  of  extreme  slip. 
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December  29,  1886.     Same  belt  reversed,  fle=.h  side  to  pulley. 


Lbs. 
on  brake. 

Rpm. 

HP. 

Rev. 

driver. 

Slip. 

Ft.  belt 
per  min. 

yi  _|_  ys. 

Coeff. 
effect. 

Belt  ft. per 
min.  per 
HP.  1  in. 

75 

115.4 

8.62 

115.4 

0 

725 

2,000 

.196 

1,009 

80 

114.3 

9.14 

114.3 

0 

718 

2,000 

.210 

942 

85 

113.2 

9.62 

113.2 

0 

711 

2,000 

.223 

887 

90 

.  112.1 

10.09 

112.1 

0 

704 

2,000 

.236 

837 

100 

111 

11.11 

111 

0 

697 

2,000 

.263 

753 

110 

110 

12.10 

110 

0 

691 

2,000 

.290 

685 

120 

109 

13.08 

109 

0 

685 

2,000 

.315 

627 

130 

107.1 

13.92 

107.1 

0 

672 

2,000 

.342 

580 

140 

106.2 

14.87 

106 

0 

667 

2,000 

.368 

538 

150 

106.2 

15.93 

106 

0 

667 

2,000 

..394 

502 

160 

105.3 

16.85 

105.3 

0 

662 

2,000 

.420 

472 

170 

Belt  slipi 

>ed  from 

pulleys  without  previous  warning  of 

3lip. 

December  31,  1886.    Same  belt,  same  tension  on  wooden  pulleys,  crowned  -g  in. 
Grain  side  to  pulleys. 


Lbs.  ■ 
on  brake. 

Rpm. 

HP. 

Rev 
driver. 

Slip. 

Ft.  belt 
per  min. 

qn  _j_  ys. 

Coeff. 
effect. 

Belt  ft  .per 
min.  per 
HP.  1  in. 

80 

120 

9.60 

120 

0 

754 

2,000 

.210 

942 

90 

120 

10.80 

120 

0 

754 

2,000 

.236 

838 

100 

118.8 

11.88 

118.8 

0 

746 

2,000 

.263 

753 

110 

117.6 

12.94 

117.6 

0 

739 

2.000 

.289 

685 

120 

117.6 

14.01 

117.6 

0 

739 

2,000 

.313 

633 

130 

117.6 

15.29 

117.6 

0 

739 

2,000 

.341 

580 

140 

113.2 

15.85 

118.8 

4.61 

746 

2,000 

.351 

565 

150 

105.3 

15.80 

118.0 

10.76 

740 

2,000 

.353 

562 

160 

93 

14.88 

112.5 

17.33 

706 

2,H00 

-.348 

569 

Stopped  on  account  of  loss  of  power  from  slip,  belt  still  on  pulleys. 


TABLE  VI. 

Belt  Tests  continued,  January  3,  1887.  Same  Belt,  cut  down  to  81"  width,  but 
laced  in  same  holes  as  last  test,  giving  apparent  strain  of  1,000  lbs.  or  117.6  lbs. 
per  inch.     Dodge's  wooden  pulleys,  crowned  \  inch. 


Lbs. 
on  brake. 

Rpm. 

HP. 

Rev. 
driver. 

Slip. 

.   Ft.  belt 
per  min. 

yi   4.   7*3 

Coeff. 
effect. 

Ft.beltper 
min.  to  1 
HP.perin. 

50 

117.6 

5.88 

117.6 

0 

739 

2,000 

.131 

1,508 

60 

117.6 

7.15 

117.6 

0 

739 

2,000 

.160 

1,240 

70 

117.6 

8.23 

117.6 

0 

739 

2,000 

.184 

1,077 

80 

114.3 

9.14 

114.3 

0 

718 

2,000 

.210  ' 

942 

90 

113.2 

10.19 

113.2 

0 

711 

2,000 

.237 

837 

100 

109 

10.90 

110.2 

1.09 

692 

2,000 

.260 

762 

110 

107.2 

11.79 

111.4 

3.77 

699 

2,000 

.280 

711 

120      Belt  slipped  off  pulleys. 
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January  4.     Same  belt,  same  strain,  repeated  on  paper  pulleys,  from  Westing- 
bouse,  Church,  Kerr  &  Co.,  crowned  £  inch. 


Lbs. 
on  brake. 

Rpm. 

HP. 

Rev. 
driver. 

Slip. 

50 

120 

6 

120 

0 

60 

120 

7.20 

120 

0 

70 

118.8 

8.32 

118.8 

0 

80 

117.6 

9.41 

117.6 

0 

90 

116.5 

10.48 

116.5 

0 

100 

115.4 

11.54 

115.4 

0 

110 

115.4 

12.69 

115.4 

0 

120 

114.3 

13.72 

114.3 

0 

130 

113.2 

14.72 

113.2 

0 

140 

112.1 

15.69 

112.1 

0 

150 

110 

16.5 

111.2 

1.09 

160 

108 

17.28 

112.5 

4.00 

Ft.  belt 
per  min. 


754 
754 
746 
739 
732 
725 
725 
718 
711 
704 
697 
707 


Slipped  off  pulleys. 


j'l  +  ya. 

Coeff. 
effect. 

2,000 

.131 

2,000 

.158  . 

2,000 

.184 

2,000 

.210 

2,000 

.236 

2,000 

.262 

2,000 

.290 

2,000 

.315 

2,000 

.341 

2,000 

.367 

2,000 

.391 

2,000 

.404 

Ft.beltper 
min.  to  1 
nP.perin. 


1,508 
1,256 
1,076 
942 
838 
754 
685 
628 
580 
538 
507 
491 


TABLE  VII. 

Belt  Tests  continued,  December  18,  1886.  4-ply  Belt,  12"  wide,  -,%''  thick, 
weigbt  41  £  lbs.,  31  ft.  long.  Stretched  13^  inches,  with  strain  of  520  lbs.  or  43^ 
lbs.  per  inch.     Cut  out  9"  to  butt  at  31  ft.  4^".     Iron  pulleys. 


Lbs. 

on  brake. 

Rpm. 

HP. 

Rev. 

driver. 

Slip. 

Ft.  belt 
per  min. 

Ti  +  T*. 

Coeff. 
effect. 

Ft.belt  per 
min.  tol 
HP. per  in. 

60 

120 

7.20 

120 

0 

754 

1,040 

.303 

1.256 

70 

115.4 

8.05 

116 

0.5 

729 

1,040 

.350 

1,087 

75 

113.2 

8.49 

116 

2.40 

729 

1,040 

.369 

1,080 

80 

105.4 

8.43 

115 

8.43 

722 

1,040 

.370 

1,028 

85 

92.3 

7.85 

106 

12.9 

667 

1,040 

.374 

1,020 

90      Belt  slipped  off  pulleys. 


December  24.     Same  Belt  continued,  with  750  lbs.  strain,  or  62.5  lbs.  jer  inch. 
Stretched  2"  more  to  butt. 


Lbs. 

on  brake. 

Rpm. 

HP. 

Rev. 
driver. 

Slip. 

Ft.  belt 
per  min. 

T1  +  2*. 

Coeff. 
effect. 

Ft.beltper 
min.  to  1 
HP. per  in. 

60 
70 
80 
90 

117.6 
115.4 
109 
105.3 

7.06 
8.08 
8.72 
9.48 

117.6 
115.4 
115.0 
111.3 

0 
0 

5.22 
8.70 

739 
725 
722 
G98 

1,500 
1,500 
1.500 
1,500 

.210 
.245 
.266 
.300 

1,256 

1,077 
993 
883 

100      Belt  slipped  off  pulleys. 
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December  24,  1886.     Same  belt, 

1,000  lbs 

strain  = 

83£  lbs.  per  in. 

3  in.  cut 

out  to  butt. 

Lbs. 
on  brake. 

BI-           HP.           *£ 

Slip. 

Ft.  belt 
per  min. 

7*1  +  r». 

Coeff. 
effect. 

Ft.  belt  per 
min.  to  1 
HP. per  in. 

60 

120            7.20       120 

0 

754 

2,000 

.157 

1,256 

70 

120            8.40       120 

0 

754 

2,000 

.181 

1.077 

80 

117.6  j      9.41  I    117.6 

0 

739 

2,000 

.210 

932 

90 

116.5       10.48       116.5 

0 

732 

2,000 

.236 

838 

100 

115.4       11.54  :    116.5 

H 

732 

2,000 

.260 

761 

110 

111.0       12.21  |    115.5 

3.90 

725 

2,000 

.277 

712 

120 

109.0       13.08  I    114.5 

4.80 

718 

2,000 

.300 

659 

130 

101.7  :    13.22  :    113 

10.00 

711 

2,000 

.307 

645 

135      Belt  slipped  off  pulleys. 

Having  stretched  tbis  belt  from  the  beginning  18-j  iu.,  the  tests  were  carried  no 
farther. 

TABLE  VIII. 

Belt   Tests   contiuued,  December   18,    1886.      Link   Belt.       12"    wide, 

originally  30  ft.  10"  lonor.  Weighed  196  lbs.  Shrunk  in  shop  to  178  lbs.  and 
so  much  in  length  that  8  inches  had  to  be  added  to  make  it  meet,  at  31  ft.  4^", 
with  strain  of  750  lbs.,  j|  in.  thick.     Iron  pulleys. 


Ft.  belt 

Lbs.  on 
brake. 

Rpm. 

HP. 

Rev. 

driver. 

Slip. 

Ft.  belt 
per  min. 

T1  -r-  T*. 

Coeff. 
effect. 

per  mm. 

per  HP. 

per  in. 

50 

120 

6.0 

120 

0 

754 

1,500 

.175 

1,508 

60 

115.4 

6.90 

118 

2.20 

740 

1,500 

.205 

1,287 

70 

111 

7.77 

117 

5.13 

735 

1,500 

.232 

1,135 

75 

107.2 

8.01 

116 

7.59 

729 

1,500 

.242 

1,092 

80 

104.5 

8.34 

116 

9.91 

729 

1,500 

.251 

1.049 

85 

88 

7.48 

116 

24 

729 

1,500 

.222 

L170 

Stopped  from  excess  of  slip,  and  fear  of  shaking  down  the  main  shaft,  which 
was  afterward  strongly  braced,  as  shown  in  illustration,  and  all  its  bolts  tightened. 

December  29,  1886.     Same  belt  repeated  with  1,000  lbs.  strain,  or  83^-  lbs.  per 
in.,  in  putting  on  which  a  link  was  taken  out,  or  1^  inch. 


Ft.  belt 

Lbs.  on 
brake. 

Rpm. 

HP. 

Rev. 

driver. 

Slip. 

Ft.  belt 
per  min. 

T1  +  T* 

Coeff. 
effect. 

per  mm. 
per  HP. 

per  in. 

50 

120 

6 

120 

0 

754 

2,000 

.131 

1,508 

60 

117.6 

7.05 

117.6 

0 

739 

2,000 

.157 

1,258 

70 

116.5 

8.15 

116.5 

0 

732 

2.000 

.183 

1,077 

80 

115.4 

9.23 

115.4 

0 

725 

2,000 

.210 

942 

90 

113.2 

10.19 

113.2 

0 

711 

2,000 

.236 

837 

100 

112.1 

11.20 

112.1 

704 

2,000 

.262 

754 

110 

109.0 

11.99 

110.2 

H 

692 

2,000 

.285 

693 

120 

108.0 

12.97 

110.0 

1.73 

691 

2,000 

.309 

639 

130 

105.2 

13.71 

109.5 

3.93 

687 

2,000 

.330 

601 

140 

100.0 

14 

107.0 

6.54 

672 

2,000 

.344 

570 

150 

92.0 

13.80 

106.0 

13.3 

667 

2,000 

.341 

580 

Belt  .--lipped   very  badly,    but   could   not   slip   off,   but   burnt   agains-t    beam 
supporting  hanger. 
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TABLE  IX. 

Belt  Tests  continued,  December  20,1886.     Belt,  canvas,  painted  slate 

color,  12"  wide,  -ft-  thick,  31  lbs.,  cut  31  ft.  2"  long,  4-ply,  stretched  1\  inches 
with  520  lbs.,  or  43^  lbs.  per  in.  5£  inches  cut  out  to  butt  at  31  ft.  4\".  Iron 
pulleys. 


Ft.  belt 

Lbs.  on  ■ 

brake. 

Rpm. 

HP. 

Rev. 

driver. 

Slip. 

Ft.  belt 
per  min. 

yi  _|_  ys 

Coeff. 
effect. 

per  mm. 
per  HP. 
for  1  in. 

20 

120 

2.40 

120 

0 

754 

1,010 

.101 

3,770 

25 

117.6 

2.94 

119 

1.17* 

747 

1,040 

.125 

3,048 

30 

115.4 

3.46 

119 

3.00 

747 

1,040 

.147 

2,590 

35 

113.2 

3.96 

119 

4.86 

747 

1,040 

.168 

2,263 

-  40 

113.2 

4.53 

119 

4.86 

747 

1,040 

.192 

1,980 

45 

111 

5. CO 

119 

6.72 

747 

1,040 

.212 

1,795 

50       Slipped  off  pulleys. 


December  25,  1886. 
inches  more  cut  out. 


Same  belt  strained  to  750  lbs.,  or  62.5  lbs.  per  inch.     3 


Ft.  belt 

Lbs.  on 
brake. 

Rpm. 

HP. 

Rev. 
driver. 

Slip. 

Ft.  belt 
per  min. 

jn  +  T"- 

Coeff. 
effect. 

per  mm. 
per  HP. 
for  1  in. 

40 

125 

5.00 

125.0 

0 

791 

1,500 

.139 

1,898 

50 

122.45 

6.225 

122.45 

0 

769 

1,500 

.178 

1,482 

60 

122.45 

7.35 

122.45 

0 

769 

1,500 

.210 

1.255 

70 

122.45 

8.57 

122.45 

0 

769 

1,500 

.245 

1,102 

80 

120.00 

9.60 

120.0 

0 

754 

1.500 

.280 

942 

90 

120.00 

10.80 

120.0 

0 

754 

1,500 

.315 

838 

100 

117.6 

11.76 

117.6 

0 

739 

1,500 

.350 

754 

110 

117.6 

12.94 

117.6 

0 

739 

1,500 

.385 

685 

115 

115.4 

13.27 

115.4 

0 

725 

1,500 

.402 

656 

120 

112.00 

13.25 

115.4 

2.68 

725 

1,500 

.401 

656 

125 

Slipped 

off  pulley 

rs. 

Decern 
inches  m 

ber  25,  1 
ore  cut  o 

B86.     Sai 
ut. 

ne  belt  ; 

strained  t 

o  1,000  lb 

3.,  or  83 1 

lbs.  per 

inch.     2 

Ft.  belt 

Lbs.  on 
brake. 

Rpm. 

HP. 

Rev. 

driver. 

Slip. 

Ft.  belt 
per  min. 

jn  +  jv 

Coeff. 
effect. 

per   nun. 
per  HP. 
for  1  in. 

80 

120 

9.60 

120 

0 

754 

2,000 

.210 

942 

90 

120 

10.80 

120 

0 

754 

2,000 

.236 

838 

100 

117.6 

11.76 

117.6 

0 

739 

2,000 

.262 

754 

110 

115.4 

12.65 

115.4 

0 

725 

2,000 

.287 

688 

120 

114.3 

13.72 

114.3 

0 

718 

2,000 

.315 

628 

130 

113.2 

14.72 

113.2 

0 

711 

2,000 

.341 

580 

140 

112 

15.70 

112 

0 

704 

2,000 

.367 

538 

150 

111 

16.65 

111 

0 

697 

2,000 

.394 

502 

155 

110 

17.05 

110.5 

0A9% 

694 

2,000 

.406 

488 

160 

108 

17.28 

114.5 

5.71 

719 

2,000 

.399 

500 

165 

Slipped 

aff  pullej 

'S. 

Discontinued  tests  with  this  belt  for  want  of  time  to  try  on  other  pulleys. 
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Belt  Tests  continued,  December  27,  1886.  3-ply  rubber  belt,  12"  wide,  fe" 
thick,  weight  37  lbs.,  31  feet  long  originally.  Cut  off  1L$  inches  to  meet  at  31' 
4V',  520  lbs.  strain,  or  43£  lbs.  per  inch.     Iron  pulleys. 


Ft.  belt 

Lbs.  on 
brake. 

Epm. 

HP. 

Rev. 

driver. 

Slip. 

Ft.  belt, 
per  min. 

yi  +  Ti 

Coeff. 
effect. 

per  min. 

per  1  HP. 

per  in. 

30 

120 

3.60 

120 

0 

754 

1,040 

.151 

2,513 

40 

120 

4.80 

120 

0 

754 

1,040 

.202 

1,885 

50 

120 

0.00 

120 

0 

754 

1,040 

.252 

1,508 

60 

117.6 

7.05 

117.5 

0 

739 

1,040 

.303 

1,258 

70 

115.4 

8.07 

115.4 

0 

725 

1,040 

.354 

1,078 

75 

Belt  slipped  off  j 

ulleys. 

December  28,  1886. 
cut  out  to  butt. 


Same  belt,  750  lbs.  strain,  or  62  5  lbs.  per  in.,  6  inches 


Ft.  belt 

Lbs.  on 
brake. 

Rpm. 

HP. 

Rev. 

driver. 

Slip. 

Ft.  belt 
per  min. 

7*1  +  ya 

Coeff. 
effect. 

per     min. 

per  1  HP. 

per  in. 

50 

120 

6 

120 

0 

754 

1,500 

.175 

1,508 

60 

117.6 

7.05 

117.6 

0 

739 

1,500 

.210 

1,258 

70 

116.5 

8.15 

116.5 

0 

732 

1,500 

.245 

1,078 

80 

115.4 

9.23 

115.4 

0 

725 

1,500 

.280 

942 

90 

115.4 

10.38 

115.4 

0 

725 

1,500 

,    .315 

837 

100 

115 

11.54 

115 

0 

722 

1,500 

.352 

751 

110 

113.2 

12.45 

113.2 

0 

711 

1,500 

.386 

685 

120 

111 

13.32 

111 

0 

697 

1,500 

.426 

627 

130 

105 

13.68 

105 

0 

660 

1,500 

.456 

579 

140 

Belt  slip 

ped  off 

pulleys. 

Decern 

ber  29,  U 

J86.     Sar 

ae  belt,  1 

1,000  lbs. 

strain  = 

33^  lbs.  ] 

aer  inch, 

4  inches 

cut  out  t 

o  butt. 

Ft.  belt 

Lbs.  on 
brake. 

Rpm. 

HP. 

Rev. 
driver. 

Slip. 

Ft.  belt 
per  min. 

yi  +  ys 

Coeff. 
effect. 

per  mm. 

per  1  HP. 

per  in. 

50 

120 

6 

120 

0 

754 

2,000 

.121 

1,508 

60 

117.6 

7.05 

117.6 

0 

739 

2,000 

.157 

1,258 

70 

115.4 

8.06 

115.4 

0 

725 

2.000 

.183 

1,07a 

80 

114.3 

9.14 

114.3 

0 

718 

2,000 

.210 

944 

90 

114.3 

10.29 

114.3 

0 

718 

2,000 

.237 

837 

100 

114.3 

11.43 

114.3 

0 

718 

2,000 

.263 

754 

110 

113.2 

12.45 

113.2 

0 

711 

2,000 

.290 

685 

120 

113.2 

13.58 

113.2 

0 

711 

2,000 

.315 

628 

130 

112.1 

14.57 

112.1 

0 

704 

2,000 

.341 

580 

140 

111 

15.54 

111 

0 

697 

2,000 

.363 

538 

150 

109 

16.35 

109 

0 

685 

2,000 

.387 

503 

160 

109 

17.44 

109 

0 

685 

2,000 

.420 

471 

170 

106.7 

18.14 

106.7 

0 

670 

2,000 

.447 

443 

180 

103.4 

18.61 

103.4 

0 

650 

2,000 

.472 

419 

190 

Belt  sli] 

jped   off 

pulleys. 

Rubber 

partially 

chafed  c 

>ff,   from 

evident 

over-strs 

in.     No 

slip  notic 

ed  until 

belt  flew  o 

BE  finally. 
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TABLE  XI. 
Belt  Tests  continued,  December  16,   1886.      Rawhide  belt,  31  feet  long  -fa" 
thick.     Weighed  29  lbs.  2  inches  added  to  butt,  with  strain  of  520  lbs.,  or  43" 
lbs.  per  incb,  at  31  feet  Aj".     Iron  pulleys. 


Lbs. 
on  Brake. 

Rpm. 

HP. 

Rev. 
driver. 

Slip. 

Ft.  belt 
per  min. 

yi  +  yii. 

Coeff. 
effect. 

Ft.belt  per 
min.  to  1 
HP.pirin. 

50 

120 

6.00 

120 

0 

754 

1,040 

.  252 

1,508 

60 

117.6 

7.06 

119 

1.18* 

747 

1,040 

.300 

1,270 

70 

115.4 

8.08 

118 

2.22 

740 

1,040 

.342 

1,100 

80 

111 

8.88 

116 

4.31 

730 

1,040 

.386 

986 

85 

109 

9.25 

115 

5.22 

725 

1,040 

.  405 

810 

90 

105.3 

9.48 

115 

8.43 

725 

1,040 

.416 

790 

95       Slipped  off  pulleys. 


December  22,  1886.     Same  belt.      750  lbs.  strain  =  62.5  lbs.  per  inch.     Lap  2 
-  cut  2^"  —  4\  incbes  cut  out  to  make  ends  butt 


Lbs. 
on  brake. 


50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

165 


Rpin. 

HP. 

Rev. 
driver. 

Slip. 

Ft.  belt 
per  min. 

113.2 

5.65 

113.2 

0 

711 

113.2 

6.79 

113.2 

0 

711 

111 

7.77 

111 

0 

697 

111 

8.88 

111 

0 

697 

111 

10 

111 

0 

697 

111 

11.10 

111 

0 

697 

109 

12 

111 

1.80 

697 

107.2* 

12.84 

110 

2.73 

691 

105.4 

13.69 

109.4 

3.74 

685 

104.5 

14.50 

109.4 

4.33 

685 

103.5 

15.52 

108.8 

4.70 

681 

101.7 

16.27 

107.8 

5.66 

675 

T1  +  T3. 


Coeff. 
effect. 


Slipped  off  pulleys.     Speed  very  slow  at  start. 


1,500 
1,500 
1.500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 


.175 
.210 
.248 
.283 
.314 
.353 
.382 
.409 
.440 
.466 
.502 
.530 


Ft.belt  per 
min.  to  1 
HP.per  in. 


1,510 
1,256 
1,076 
942 
836 
753 
697 
646 
600 
567 
527 
500 


December  22,  1886.      Same  belt  repeated  with  1,000  lbs.  strain 
iuch,  3^  inches  cut  out. 


83^  lbs.  per 


Lbs. 
on  brake. 

Rpm. 

HP. 

Rev. 
driver. 

Slip. 

Ft.  belt 
per  min. 

Xi  -\-  T*. 

Coeff. 
effect. 

Ft.  bell  per 
min.  to  1 
HP.per  in. 

70 

11H.2 

7.92 

113.2 

0 

711 

2,000 

.184 

477 

80 

111 

8.88 

111 

0 

697 

2,000 

.212 

942 

90 

111 

10 

111 

0 

697 

2,000 

.237 

836 

100 

111 

11.10 

111 

0 

697 

2,000 

.263 

753 

110 

110 

12.10 

110 

0 

691 

2,000 

.296 

685 

120 

109 

13.08 

109 

0 

685 

2,000 

.315 

628 

130 

107.1 

13.92 

107.1 

0 

673 

2,000 

.341 

580 

140 

105.4 

14.74 

105.4 

0 

662 

2,000 

.367 

540 

150 

105.4 

15.79 

105.4 

0 

662 

2,000 

.394 

50* 

*160 

104  3 

16.69 

106.4 

%% 

667 

2,000 

.413 

479 

170 

103.4 

17.58 

106.4 

2.82 

667 

2.000 

.435 

455 

180 

101.7 

18.31 

106.4 

4.42 

667 

2,000 

.453 

437 

190 

100 

19 

106.4 

5.66 

667 

2,000 

.470 

421 

200 

90 

18 

113 

20* 

711 

2,000 

.417 

474 

205       Slipped  off  instantly. 


Speed  very  slow  through  this  trial  as  well  as  last. 


*  Steam  raided  to  75  lbs.  at  boilers. 
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TABLE  XII. 


Belt  Tests  continued,  January  1,  1887. 
old  holes,  on  wooden  pulleys. 


Same  raw-hide  belt  12"  wide,  laced  in 


Lbs. 
on   brake 


80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
*180 
190 
200 
210 
220 
230 
240 
250 
260 


Rpm. 

HP. 

Rev. 
driver. 

Slip. 

Ft.  belt 
per  min. 

114.3 

9.14 

114.3 

0 

718 

111 

10 

111 

0 

697  , 

115.4 

11.54 

115.4 

0 

725 

115.4 

12.69 

115.4 

0 

725 

114.3 

13.72 

114.3 

0 

718 

113.2 

14.72 

113.2 

0 

711 

113.2 

15.85 

113.2 

0 

711 

113.2 

16.98 

113.2 

0 

711 

113 

18.08 

113 

0 

710 

111 

18.88 

111 

0 

697 

110 

J9.80 

110 

0 

691 

113.2 

20.37 

116.6 

2.91# 

732 

111 

21.09 

114.4 

3 

718 

109 

21.80 

112.36 

3 

705 

109 

22.89 

112.36 

3 

705 

109 

23.98 

112.36 

3 

705 

109 

25.07 

112.36 

3 

705 

109 

26.16 

112.36 

3 

705 

107.2 

26.87 

110.36 

4.59 

693 

yi  +  f2 


Belt  slipped  off  pa 
an  extent  that  it  w 


2,000  .210 

2,000  .236 

2,000  .262 

2,000  .288 

2,000  .315 

2,000  .341 

2,000  .368 

2,000  .394 

2,000  .420 

2,000  .445 

2,000  .471 

2,000  .459 

2,000  .485 

2,000  .510 

2,000  .536 

2,000  .561 

2,000  .587 

2,000  .612 

2,000  .640 
lleys,  and  exhausted  the  power  of  the  engine 
as  reduced  to  8j  inches  wide  for  further  trials 


Coeff. 
effect. 


Ft.beltper 
min.  per  1 
HP. per  in. 


942 
836 
767 
685 
628 
580 
538 
502 
471 
443 
419 
431 
409 
388 
369 
352 
337 
323 
309 
to  such 


TABLE  XIII. 

■Record  of  Belt  Te.^ts  continued,  January  3,  1887.  Same  belt  cut  down  to  8£ 
in.  wide,  re-tested  on  wooden  pulleys.  Laced  in  old  holes.  Strain  =  117.7  lbs. 
per  inch. 


Lbs. 
on  brake. 

Rpm. 

HP. 

Rev. 

driver. 

Slip. 

Ft.  belt 
per  min. 

T\  +  Ti 

Coeff. 
effect. 

Ft.beltper 
min.  per  1 
HP. per  in. 

80 

120 

9.60 

120 

0 

754 

2,000 

.210 

942 

90 

120 

10.80 

120 

0 

754 

2,(100 

.240 

898 

100 

117.6 

11.76 

117.6 

0 

739 

2,000 

.262 

754 

110 

115.4 

12.69 

115.4 

0 

725 

2,000 

.289 

685 

120 

115.4 

13.75 

115.4 

0 

725 

2,000 

.312 

633 

130 

114.3 

14.86 

114.3 

0 

718 

2,000 

.342 

580 

140 

114.3 

16 

114.3 

0 

718 

2,000 

.368 

538 

150 

113.2 

16.98 

113.2 

0 

711 

2.000 

.391 

502 

160 

113 

18.08 

113 

0 

710 

•2,000 

.420 

470 

170 

111 

18.87 

111 

0 

697 

2,000 

.446 

443 

180 

111 

19.98 

111 

0 

697 

2,000 

.473 

419 

190 

111 

21.09 

111 

0 

697 

2,000 

.500 

396 

200 

110 

22 

110 

0 

691 

2,000 

.525 

377 

210  Slipped  off  pulleys,  probably  overstrained  in  this  test,  as  it  gave  less 
powrr  on  the  nest  one,  and  wheD  weighed  at  end  of  that  test,  the  strain 
was  found  to  be  reduced  to  660  lbs.,  or  77.7  lbs.  per  inch,  and  to  have 
stretched  1^  inches. 


*  Got  up  higher  steam. 
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January  4,  1887.     Same  belt  repeated  on  paper  pulleys. 


Lbs. 
on  brake. 

Rpm. 

HP. 

Rev. 
driver. 

Slip. 

Ft.  belt 
per  min. 

Ti  +  Ti 

Coeff. 
effect. 

Ft. belt  per 
min.  per  1 
HP.per  in. 

90 

12-2.4 

11.02  ■    122.4 

0 

769 

1,320? 

.358? 

837 

100 

121.2 

12.12  I    121.2 

0 

761 

1,320 

.398 

753 

110 

120 

13.20  !    120 

0 

754 

1.320 

.438 

686 

120 

1B0 

14.40  1    120 

0 

754 

1,320 

.477 

628 

130 

118.8 

15.44      118.8 

o 

746 

1,320 

.517 

580 

140 

117.6 

16.46       117.6 

0     . 

739 

1,320 

.557 

539 

150 

115.4 

17.31       117.6 

1.87* 

739 

1,320 

.585 

512 

160 

Belt  slipped  off  pulleys. 

Tension 

aken  as 

weighed  at  end  of  test,  660 

lbs.,  or  7? 

.7  lbs.  per  inch. 

TABLE    XIV. 

Belt  Tests  continued,  December  18,  1886.  One  plain  cotton  canvas  belt,  just 
as  received,  12"  wide,  21^  lbs.,  -fig"  thick.  Iron  pulleys,  cut  30  feet  3"  long. 
Stretched  13V  ^™ta  520  lbs.  strain,  or  43^  lbs.  per  inch. 


Ft.  belt 

Lbs.  on 
brake. 

Rpm. 

HP. 

Rev. 
driver. 

Slip. 

Ft.  belt 
per  min. 

yi  _|_  ya 

Coeff. 
effect. 

per  min. 
per  HP. 
per  1  in. 

30 

120 

3.60 

120 

0 

754 

1,040 

.151 

2,514 

35 

120 

4.20 

120 

0 

754 

1,040 

.177 

2,154 

40 

120 

4.80 

120 

0 

754 

1,040 

.202 

1,885 

45 

115.4 

5.17 

120 

3.83 

754. 

1,040 

.217 

1,750 

50 

Belt  slipped  off  pulleys. 

December  20,  1886.     Same  belt,  sized  and  prepared  for  lining. 


Ft.  belt 

Lbs.  on 
brake. 

Rpm. 

HP. 

Rev. 

driver. 

Slip. 

Ft.  belt 
per  min. 

yi  .f.  t<i 

Coeff. 
effect. 

per  min. 

perl  HP. 

per  in. 

20 

120 

2.40 

120 

0 

754 

1,040 

.101 

3,770 

25 

117.6 

2.95 

120 

1.66 

754 

1,040 

.124 

3,067 

30 

115.4 

8.45 

120 

4 

754 

1.040 

.145 

2,620 

35 

115 

3.69 

120 

4 

754 

1,040 

.  155 

2,400 

40 

109 

4.44  • 

120 

9.17 

754 

1,040 

.187 

2,037 

45 

Belt  slipped  off  p 

alleys. 
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December  21. 

Same  belt,  1,000  lbs.  strait 

.     2\"  cut  out. 

Ft.  belt 

Lbs.  on 

brake. 

Rpm. 

HP. 

Rev. 
driver. 

Slip. 

Ft.  belt 
permin. 

yi  _j_  fi 

Coeff. 
effect. 

per  mm. 

per  1  HP. 

per  in. 

30 

120 

3.60 

120 

0 

754 

2,000 

.079 

2,514 

40 

117.6 

4.72 

117.6 

0 

739 

2,000 

.104 

1,880 

50 

115 

5.75 

117.6 

0 

739 

2,000 

.128 

1,542 

55 

114.5 

6.30 

117 

2.13£ 

735 

2,000 

.142 

1,400 

60 

113.6 

6.79 

115.5 

1.64 

725 

2.000 

.154 

1,281 

70 

113.2 

7.38 

115.5 

2% 

725 

2,000 

.168 

1.179 

75 

112 

8.40 

115.5 

3 

725 

2,000 

.191 

1 ,036 

80 

111 

8.88 

115.5 

3.89 

725 

2,000 

.202 

980 

85 

110 

9.35 

115 

4.35 

722 

2.000 

.214 

926 

90 

109 

9.81 

114.5 

4.80 

718 

2,000 

.225 

879 

95 

106.7 

10.14 

114.5 

6.83 

718 

2,000 

.233 

849 

100 

103.5 

10.35 

113.8 

9.05 

711 

2,000 

.240 

827 

105 

90.3 

9.16 

112.6 

17.38 

708 

2,000 

.213 

927 

110 

Belt  slip 

ped  off  p 

ulleys. 

TABLE   XV. 
Belt  Te-ts  continued,  December  17,  1886.     One  12"  cotton-leather  belt,  4-ply, 
374  lbs.,  cm  31  feet,  2"  long.    Stretcbed  with  520  lbs.  strain,  or  43^  lbs.  per  incb, 
2\  inches,  or  to  31  feet  4^",  on  iron  pulleys. 


Ft.  per 

Lbs.  on 
brake. 

Rpm. 

HP. 

Rev. 
driver. 

Slip. 

Ft.  belt 
per  mill. 

f\  -j.  ft 

Coeff. 

effect. 

inin.  per 

UP.  for  1 

in. 

80 

120 

9.60 

120 

0 

754 

1,040 

.404 

942 

90 

120 

10.80 

120 

0 

754 

1,040 

.454 

838 

100 

113.2 

11.32 

116.6 

2.90£ 

732 

1,010 

.490 

776 

105 

111 

11.65 

115.5 

3  90 

725 

1,040 

.511 

747 

110 

107.2 

11  79 

111.6 

5.63 

725 

1,040 

.517 

738 

115 

K5.3 

12.10 

115.8 

9.07 

725 

1,040 

.530 

719 

120 

103.4 

12.4 

119 

12.94 

747 

1,040 

.528 

723 

125       Belt  slipped  off  pulleys. 


December  23, 1886. 
2\  inches  to  butt. 


Same  belt,  750  lbs.  strain,  or  62^  lbs.  per  inch.      Cut  out 


Ft.  per 

Lbs.  on 
brake. 

Rpm. 

HP. 

Rev. 
driver. 

Slip. 

Ft.  belt 
per  min. 

fi  jf.  7-2 

Coeff. 
effect. 

mm  per 

HP.  per 

in. 

80 

120 

9.60 

120 

0 

754 

1,500 

.280 

942 

90 

120 

10.80 

120 

0 

754 

1,500 

.314 

838 

100 

118.8 

11.88 

119 

0 

747 

1,500 

.350 

754 

110 

117.6 

12.94 

119 

1.10 

747 

1,500 

.380 

693 

120 

116.5 

13.98 

118.8 

1.10 

746 

1,500 

.412 

640 

130 

115.4 

15 

117.7 

1.95 

739 

1,500 

.446 

590 

140 

113.2 

15.85 

116.6 

2.91 

732 

1,500 

.479 

554 

150 

111.1 

16.67 

115.5 

3.81 

725 

1,500 

.505 

522 

160 

109 

17.44 

114.5 

4.80 

718 

1,500 

.535 

494 

170 

105 

17.9 

112.6 

6.48 

708 

1,500 

.556 

474 

180 

102.5 

18  45 

110.8 

7.49 

695 

1,500 

.584 

452 

190 

100 

19 

114 

12.30 

717 

1,500 

.583 

453 

200 

97 

19.40 

113.2 

14.3 

711 

1,500 

.600 

440 

210 

89 

18.79 

111 

19.37 

697 

1,500 

.593 

444 

Stepped  for  excess  in  slip  and  loss  of  speed. 

36 


Belt  still  on  pulleys. 
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Belt  Tests  continued,  December  23,  1886.     Same  12"  cotton-leather  belt  on  iron 
pulleys.     1,000  lbs.  strain,  or  83^  lbs.  per  inch,   $  inch  cut  out  to  butt. 


Ft.  belt 

Lbs.  on 
brake. 

Rpm. 

HP. 

Rev. 
driver. 

Slip. 

Ft.  belt 
per  min. 

7*1  _|_  y2 

Coeff. 
effect. 

per  mm. 

lor  1  HP. 

per  in. 

100 

120 

12. 

120 

0 

754 

2.000 

.262 

754 

110 

117.6 

12.94 

117  6 

0 

739 

2,000 

.289 

695 

120 

116.5 

13.98 

116.5 

0 

732 

2,000 

.315 

628 

130 

115.4 

15 

115.4 

0 

725 

2,000 

.341 

580 

140 

114.3 

16 

114.3 

0 

718 

2,000 

.368 

538 

150 

113.2 

16.98 

113.2 

0 

711 

2,000 

.394 

502 

160 

111 

17.77 

112.5 

1£ 

707 

2,000 

.415 

477 

170 

110 

18.70 

112  5 

2.22 

707 

2,000 

.436 

453 

180 

109 

19.62 

112.5 

3.11 

707 

2,<  00 

.458 

432 

190 

107.1 

20.35 

112.5 

4.80 

707 

2,000 

.475 

418 

200 

105.3 

21.06 

112.5 

6.40 

707 

2,000 

.491 

403 

210 

100 

21.00 

110 

9.09 

691 

2,000 

.500 

394 

220 

95.2 

20.95 

j  109.5 

15 

688 

2,000 

.506 

394 

230 

88.2 

20.29 

104.1 

15 

659 

2,000 

.507 

390 

Stopped  in  good  order  (belt  on),  from  loss  of  power. 

Jauuary  1,  1S87.     Same  belt  repeated  on  wood  pulleys,  laced  in  old  holes. 


Ft.  belt 

Lbs.  on 
brake. 

Rpm. 

HP. 

Rev. 

driver. 

Slip. 

Ft.  belt 
per  min. 

f  i  -j-  ji 

Coeff. 
effect. 

per  mm. 

for  1  HP 

per  in. 

120 

130 

14.40 

120 

^ 

754 

2,000 

.315 

628 

130 

118.8 

15.44 

118.8 

8 

746 

2,000 

.342 

580 

140 

118.8 

16.63 

118.8 

w 

746 

2,000 

.368 

538 

150 

117.6 

17.64 

117.6 

^ 

739 

2,L00 

.394 

503 

160 

116.5 

18.64 

116.5 

C 

732 

2,000 

.420 

471 

170 

115.4 

19.55 

115.4 

725 

2,000 

.444 

444 

180 

115.4 

20.70 

115.4 

<B 

725 

2,000 

.470 

420 

190 

114.3 

21.70 

114.3 

C" 

718 

2,000 

.499 

397 

200 

113.2 

22.64 

113.2 

03 

711 

2,000 

.525 

377 

210 

113.2 

23.77 

113.2 

£ 

711 

2,000 

.551 

359 

220 

112.1 

24.66 

112.1 

S. 

704 

2,000 

.579 

342 

230 

112.1 

25.78 

112.1 

704 

2,000 

.605 

328 

240 

111 

20.64 

111 

O 

697 

2,000 

.634 

314 

250 

111 

27.75 

111 

£ 

697 

2,000 

.660 

301 

260 

107.2 

27.87 

107.2 

673 

2,000 

.684 

290 

270 

Stalled  t 

lie  engine 

.     Belt  i 

a  place  a 

ad  no  sign 

of  slip. 
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January  3,  1887.     Belt  Tests,  continued.     Same  cotton-leather  belt,  split  down 
to  8^  inches.     Laced  in  old  holes.     1,000  lbs.  strain,  or  117  lbs.  per  inch. 


Lb*,  on 
brake. 


130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 


Rpm. 


120 

120 

117.6 

116.5 

116  5 

115.4 

114.3 

113.2 

113.2 

111 

111 

105.3 


HP. 


15.6 

16.8 

17.64 

18.64 

19.72 

20.77 

21.71 

22.64 

23.77 

24.42 

25.53 

25.27 


Rev. 

driver. 


120 
120 
117.6 
116.5 

110.5 
115.4 
114.3 
113.2 
113.2 
112.2 
1122 
106.31 


Slip. 


0 

I) 

0 

(I 

0 

0 
0 

0 

I) 

t. 

1. 

0.95£ 


Ft.  belt 
per  min. 


754 
754 
739 
732 
732 
725 
718 
711 
711 
705 
705 
668 


fl  _L   ft 

Coeff. 
effect. 

2.000 

.341 

2,000 

.367 

2,000 

.394 

2,000 

.420 

2,000 

.444 

2,000 

.472 

2,000 

.500 

2,000 

.525 

2,000 

.551 

2,000 

.572 

2,000 

.600 

2,000 

.624 

Ft.  belt 

per  min. 

to  1  HP. 

per  in. 

608 
540 
503 
471 
445 
419 
397 
377 
359 
346 
331 
313 


Belt  slipped  off  driver  from  engine  slowing  down. 


January  4,  1887.     Same  belt,  on  paper  pulleys.     Laced  in  old  holes. 


Ft.  belt 

Lbs.  on 
brake. 

Rpm. 

HP. 

Rev. 
driver. 

Slip. 

Ft.  belt 
per  min. 

yi  _|_  ft 

Coeff. 
effect. 

per  mm. 
to  1  HP. 

per  in. 

100 

122.4 

12.24 

122.4 

0 

769 

2,000 

.264 

754 

110 

121.2 

13.33 

121.2 

0 

761 

2,000 

.289 

685 

120 

120 

14.40 

120 

0 

754 

2,000 

.315 

628 

130 

120 

15.61 

120 

0 

754 

2,000 

.342 

585 

140 

120 

16.80 

120 

0 

754 

2,000 

.368 

539 

150 

118.8 

17.82 

118.8 

0 

746 

2,000 

.394 

502 

160 

118.8 

19  00 

118.8 

0 

746 

2,0(10 

.423 

470 

170 

117.6 

20.00 

117.6 

0 

739 

2,000 

.446 

443 

180 

116.5 

20.97 

116.5 

0 

732 

2,000 

.472 

419 

190 

115.4 

21.93 

115.4 

0 

725 

2,000 

.500 

400 

200 

114.3 

22.86 

114.3 

0 

718 

2,000 

.523 

377 

210 

113.1 

23.73 

113.1 

0 

711 

2,000 

.550 

359 

220 

111 

21.42 

111 

0 

697 

2,000 

.578 

343 

230 

110 

25.30 

110 

0 

691 

2,000 

.602 

328 

240 

101.4 

24.40 

107.8 

6.30£ 

675 

2,000 

.595 

335 

250 

Belt  sli] 
to  be  sai 

jped  off  from  loss 
ne  as  at  first  =  1 

of  spee 
000  lbs. 

3.     Scales 

applied, 

and  tens 

ion  found 

It  might  be  noted  here,  that  the  power  to  drive  the  brake  shaft  is  not  included 
in  these  tests,  but  would  be  very  slight,  probably  not  over  ^-0-  H.  P. 


DISCUSSION. 


Mr.  C.  Seymour  Button. — The  report  is  rather  severe  on  the  link 
belt,  and  perhaps  justly,  from  the  point  of  view  from  which  the  ex- 
periments were  made.     But  it  happened  that  in  the  shops  with 
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which  I  am  connected  we  had  occasion  to  try  a  link  belt  for  a 
specified  purpose,  and  it  was  so  satisfactory  in  that  case  that  I 
wish  to  say  a  word  in  regard  to  it.  We  had  occasion  to  run  a 
cross-shaft  some  distance  to  drive  a  60-inch  lathe.  The  pulleys 
were  about  36  inches  in  diameter  and  the  shafts  perhaps  15  feet 
apart.  The  ordinary  belt  used  for  this  purpose  strained  out  very 
rapidly,  so  that  we  had  great  difficulty  in  driving  it.  A  repre- 
sentative of  a  link  belt  came  along  and  recommended  it  for  that 
purpose,  agreeing  to  put  it  in  on  trial,  which  he  did.  It  was  a  5- 
inch  belt  which  we  used,  and  the  belt  has  proved  very  satisfac- 
tory. I  think  two  sets  of  links  were  taken  off  after  it  was  ran  two 
or  three  weeks.  But  now  for  two  or  three  months  the  belt  has 
run  with  entire  satisfaction  and  has  not  required  any  further  at- 
tention, so  that  I  can  say  that  for  that  purpose  the  same  width  of 
belt  that  we  used  before  has  been  entirely  satisfactory,  while  the 
ordinary  belting  was  very  unsatisfactory.  Those  of  us  who  are 
interested  in  motive  power,  I  think,  would  be  glad  to  see  experi- 
ments on  larger  belts  and  considerably  higher  speed  than  these. 
Of  course,  this  was  not  undertaken  by  Mr.  Webber's  experiments 
at  all.  There  are  a  number  of  things  which  seem  to  need  consid- 
eration in  that.  In  running  at  very  high  speeds  with  very  small 
pulleys,  there  seems  to  be  a  special  difficulty-  I  remember  one  in- 
stance in  which  we  ran  a  12-inch  double  belt  over  a  60-inch  pulley, 
below  running  300  revolutions,  and  over  a  30-inch  pulley  perhaps 
twelve  or  fifteen  feet  from  it  and  directly  above  it.  In  this  case,  for  a 
large  portion  of  the  way  around  the  pulley,  by  holding  a  light  on 
the  farther  side  of  it,  you  could  see  the  light  between  the  pulley 
and  the  belt,  notwithstanding  that  the  belt  was  drawn  up  pretty 
tight  before  commencing  to  run  it.  It  may  have  been  partly  due 
to  the  stiffness  of  the  belt.  It  may  have  been  partly  the  centrif- 
ugal force  of  it— it  undoubtedly  was;  and  it  is  also  claimed  that 
a  wide  belt  will  carry  a  film  of  air  between  the  belt  and  the  pul- 
ley.    It  is  a  thing  about  which  I  would  be  glad  to  know  more. 

Mr.  II.  R.  Towne. — The  questions  involved  in  the  testing  of 
belting  are  so  numerous  and  complex  that  it  is  very  difficult  to 
cover  them  all  in  any  ordinary  system  of  experiments,  and  1  think 
that  this  report  shows  rather  more  than  the  usual  deficiency  in 
this  respect.  The  set  of  experiments  on  belting  which  I  made 
twenty  years  ago  showed  one  thing  conclusively,  namely,  that  the 
condition  of  the  atmosphere  is  a  large  factor  in  the  transmitting 
energy  of  leather  belts.     Leather  belting  is  a  capital  hygrometer ; 
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it  measures  the  dryness  or  the  moisture  of  the  atmosphere  with 
great  delicacy,  and  the  same  belt  tested  under  identical  conditions 
(  in  all  other  respects  will  give  a  very  different  result  on  a  day  with 
the  atmosphere  moist  or  "  muggy  "  from  what  it  will  on  another 
day  with  the  atmosphere  dry  and  capable  of  absorbing  moisture 
freely  and  rapidly  from  objects  with  which  it  comes  in  contact.  I 
think  that  any  critical  and  conclusive  series  of  tests  of  belting,  at 
least  of  leather  belting,  must  be  continued  through  a  long  enough 
period  of  time  to  cover  the  average  range  of  variation  in  the 
humidity  of  the  atmosphere  to  give  perfect  results.  These  varia- 
tions are  of  less  consequence,  and  possibly  of  little  or  no  conse- 
quence, with  belting  in  which  rubber  is  the  chief  component. 
What  their  effects  are  on  belting  in  which  linen  or  other  vegetable 
fiber  is  the  chief  component,  I  do  not  know.  Conceivably,  how- 
ever, they  would  also  be  affected  a  good  deal  b}r  the  moisture  of 
the  atmosphere.  I  think  that  the  tests  reported  in  this  case  are 
also  deceptive  so  far  as  they  pretend  to  make  a  comparison  be- 
tween leather  belting  and  other  kinds,  by  reason  of  the  very 
unfavorable  condition  of  the  leather  belt.  A  well-made  leather 
belt  certainly  holds  very  high  rank,  if  not  the  highest  rank,  as  a 
belt  transmitter,  and  yet  here  the  results  would  indicate  rather  the 
contrary.  A  perfectly  new  leather  belt  is  stiff,  inflexible,  does  not 
readily  adapt  itself  to  the  pulley,  and  has  a  peculiar  quality  of 
surface  which  we  all  recognize  by  the  touch,  and  which  is  much 
less  conducive  to  adhesion  than  the  surface  of  the  same  belt  after 
it  has  been  run  for  some  time  and  has  been  treated  with  the 
ordinary  dressing.  Therefore,  to  institute  a  comparison  between 
a  new  leather  belt,  which  requires  this  preparatory  use  and  treat- 
ment in  order  to  bring  it  to  its  full  efficiency,  and  another  belt, 
like  a  rubber  belt,  which  requires  no  such  preliminary  prepara- 
tion and  has  its  highest  efficiency  when  first  put  on,  is  deceptive. 
The  leather  belt  should  first  be  run  long  enough  to  bring  it  up  to  ' 
its  maximum  efficiency. 

Again,  the  adoption  of  the  tension  on  the  belt,  per  inch  of 
width,  as  a  determining  factor  in  all  cases,  is,  in  my  judgment, 
erroneous.  The  initial  tension  put  upon  a  belt  is  rarely  main- . 
tained.  The  ordinary  belting  material  is  elastic  to  a  certain  point ; 
but  is  usually  worked  under  conditions  which  carry  it  past  its 
elastic  limit,  and  induce  permanent  stretch.  We  all  know  this  as 
indicated  by  the  frequent  taking  up  of  belting  and  cutting  out  a 
portion  of  its  length.     Variation  in  length,  again,  is  dej)endent  on 


00±        COMPARATIVE   VALUE    OF   DIFFERENT   KINDS   OF  BELTING. 

the  matter  I  have  already  alluded  to — namely,  the  condition  of 
the  atmosphere  as  to  moisture. 

Finally,  no  formula  yet  offered  can,  in  my  judgment,  be  accepted 
as  universally  applicable  to  belts,  whether  horizontal  or  vertical. 
Stretching  becomes  of  much  more  consequence  in  a  vertical  belt 
than  in  the  case  of  a  horizontal  belt.  Generally,  therefore,  I  think 
that  the  conclusions  of  the  paper,  while  useful  in  some  respects 
as  giving  some  additional  light  on  this  subject,  cannot  be  accepted 
without  modification  and  the  exercise  of  judgment. 

Mr.  Olin  Scott. — It  seems  to  me  that  each  belt-maker  should 
publish  tests  which  are  reliable  in  regard  to  the  belts  he  makes, 
having  special  regard  to  these  different  conditions  which  have 
been  suggested.  We  should  know  whether  a  set  of  figures  refer 
to  the  belting  as  used  wet  or  dry,  vertical  or  horizontal,  and 
whether  they  apply  to  a  crossed  belt  or  to  a  belt  with  a  quarter- 
twist  driving  by  one  edge  onry,  each  man  stating  his  own  case. 

Mr.  Daniel  Ashicorth. — We  have  had  the  various  points  con- 
nected with  this  belt  problem  touched  upon  very  forcibly,  but  in 
our  experience  during  many  years  in  putting  up  belts,  especially 
high-speed  belts,  as  applied  to  dynamos  and  fans,  the  main 
trouble  has  not  been  from  the  conditions  spoken  of  in  the  paper 
or  the  debate,  but  it  has  arisen  from  the  different  kinds  of  belt 
furnished  from  the  same  house,  and  almost  from  the  same  roll  of 
belting.  WTe  start  out  with  the  belting  which  is  represented  as 
possessing  all  the  merits  of  adhesiveness,  lightness,  and  flexibility. 
We  are  enthusiastic  with  the  result  in  this  case,  but  upon  the 
next  application,  which  is  decidedly  a  parallel  case  under  all  con- 
ditions, we  find  that  the  result  is  entirely  negative  or  disappoint- 
ing. I  know  of  no  more  uncertain  factor  than  the  matter  of 
belting  as  applied  to  motive  power.  While  we  recognize  the  fact 
of  the  condition  of  the  atmosphere  varying,  yet  we  find  that  while 
we  have  one  first-class  belt  which  is  eminently  satisfactory,  we 
have  a  dozen  that  are  disappointing,  aud  from  the  same  house 
and  under  the  same  conditions.  It  seems  an  exceedingly  difficult 
problem,  not  so  much  from  the  conditions  of  use,  but  from  the 
condition  of  the  material  placed  in  our  hands  at  different  times 
from  the  same  houses,  having  a  pre-eminent  reputation. 

Mr.  F.  H.  Underwood. — In  the  experiments  described  by  Col. 
Webber  there  seems  to  have  been  no  detailed  description  given 
of  how  the  belts  which  he  tested  were  prepared  or  made.  And  as 
the  new  leather  belt  described  by  Col.  Webber  was  cut  from  what 
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we  call  oak-tanned  side-stock,  that  is,  after  taking  out  a  strip,  say, 
24  inches  in  width,  from  the  hide,  measuring  12  inches  each  way 
from  the  center,  this  12-inch  belt  was  then  cut  out,  one  strip  from 
each  side-piece  ;  this  would  make  the  belt  heavier  and  more  elastic 
than  if  cut  from  the  center  of  the  same  hide,  as  the  fiber  is  coarser 
and  not  so  dense  along  the  sides  as  it  is  in  the  center.  But  from 
the  side  stock  you  have  an  uneven  belt  in  thickness,  and  one  which 
is  apt  to  stretch  more  on  one  side  than  the  other,  unless  great 
care  is  used  in  so  cutting  the  12-inch  strip  that  the  lines  are 
equally  taut  on  each  side.  In  this  case  the  belt  was  uneven  in 
thickness  and  not  cut  properly,  and  therefore  imparted  a  swaying 
motion  to  the  belt  when  running,  and  part  of  its  contact  was  lost 
by  running  over  the  edge  of  the  pulley,  first  on  one  side  and  then  on 
the  other.  This  belt,  if  put  to  a  high  rate  of  speed,  say  5,000  feet 
per  minute,  would  impart  a  lateral  motion  to  the  shaft,  and  cause 
an  unequal  wear  and  strain  upon  the  bearings.  The  belt  men- 
tioned in  table  7  was  made  from  cotton  duck,  folded  to  make  the 
requisite  number  of  plies,  and  then  fastened  longitudinally  with 
rows  of  stitches  one-fourth  of  an  inch  apart,  the  belt  then  being 
filled  with  composition  of  boiled  linseed  oil  and  red  lead,  which  soon 
conies  off  when  put  to  use,  and  nothing  but  the  plain  cotton  is  left. 
This  belt  was  quite  stiff,  and  when  first  run  rode  upon  the  stitches 
and  prevented  a  perfect  contact.  The  "link  belt"  mentioned  is 
made  in  the  following  manner :  The  links  are  cut  out  of  leather, 
about  2  inches  in  length  and  1  inch  in  width ;  holes  are  then 
punched  in  this  link  about  1  inch  from  center  to  center  ;  the  link 
so  made  is  then  compressed  as  much  on  each  end  as  the  succeed- 
ing link  will  lap  over  on  it,  so  as  to  bring  as  much  edge  surface 
next  to  the  pulley  as  it  is  possible  to  do.  The  requisite  number 
of  links  to  make  the  width  required  are  placed  side  by  side,  with 
an  iron  rod  running  through  them,  about  j%  of  an  inch  in  diame- 
ter. In  the  belt  tested  there  were  33  of  these  links  in  width  to 
make  the  belt  12  inches  wide.  The  rod  has  a  head  on  one  end,  and 
after  being  put  through  the  links  is  riveted  on  the  other.  The 
belt  does  not  lie  perfectly  flat  on  the  pulleys,  standing  as  it  does 
on  the  edge,  as  the  pieces  of  leather  do  not  conform  readily  to  the 
circle  of  the  pulley  touching  only  here  and  there.  Owing  to  its 
great  weight,  stiffness,  and  the  great  loss  of  contact  surface,  by 
reason  of  the  spaces  between  the  links  and  the  places  where  the 
belt  does  not  touch,  this  belt  could  not  be  made  to  show  very 
much  of  a  result  in  horse-power. 
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The  canvas  belt,  4-ply,  mentioned,  was  made  of  solid  woven  cot- 
ton, and  a  mixture  of  linseed  oil,  plumbago,  etc.,  had  been  worked 
in  and  dried  under  pressure.  Powdered  soap-stone  is  then  used 
over  the  surface  of  the  belt  on  both  sides,  to  prevent  its  sticking 
while  standing  in  the  roll  or  coil.  It  drives  well  for  a  time,  but 
stretches  a  great  deal.  The  rubber  belt  mentioned  was  made  of 
cotton  duck,  folded  and  cemented  together  with  rubber  in  the  usual 
manner.  The  proportion  of  pure  rubber  was  found  to  be  very  small, 
and  under  the  severe  test  to  which  it  was  put,  the  rubber  peeled 
off  from  the  canvas.  The  raw-hide  belt  mentioned  is  tanned  on 
the  surfaces  only,  the  intermediate  portion  being  as  near  raw-hide 
as  it  is  possible  to  have  it.  The  hides  are  left  in  the  bark  liquor 
a  few  days  only,  just  long  enough  to  allow  the  liquor  to  penetrate  a 
sufficient  distance  into  the  hide  to  prevent  its  surfaces  from  crack- 
ing ;  it  is  then  put  into  a  machine  and  fulled  with  a  preparation 
of  oil,  tallow,  tar,  etc.,  to  make  it  pliable  and  soft,  and  at  the  same 
time  to  preserve  it.  After  taking  the  hide  from  this  machine,  it  is 
smoothed  and  set  out  in  the  usual  manner,  and  the  belt  cut  out, 
stretched,  cemented,  and  finished.  This  belt  was  cut,  as  was  the 
first  belt,  from  the  side  of  the  hide,  and  in  running  under  the  ten- 
sions mentioned,  stretched  very  unevenly — so  much  so  that  it  ran 
over  the  edges  of  the  pulley.  The  preparation  of  tar  used  makes 
the  belt  hug  the  pulley  very  closely  when  first  run  ;  but  as 
soon  as  this  preparation  wears  off  the  belt  will  not  transmit  as 
much  power  in  proportion  as  it  would  when  first  put  on.  This 
belt  is  very  flexible  and  soft,  but  is  liable  to  stretch  a  great  deal, 
and  during  the  above  test  the  belt  tore  apart  at  the  lace-holes. 
This  belt  is  not  tanned  in  the  same  manner  as  the  one  described 
by  Mr.  Lewis  in  his  paper  read  at  the  May  meeting  in  Chicago, 
1886.  By  reason  of  its  great  pliability,  this  belt  kept  on  the  pul- 
leys until  the  final  test,  and  the  liability  to  stretch  and  lose  its  grip 
is  shown  by  the  difference  of  tests  in  tables  12  and  13.  Col. 
Webber  has  already  fairly  described  the  process  of  making  the 
cotton-leather  belt;  it  is  simply  a  combination  of  two  old,  tried, 
and  well-known  principles,  both  of  which  have  been  in  use  for  a 
great  many  years.  By  this  combination  many  of  the  difficulties 
heretofore  experienced  with  leather,  cotton,  and  rubber  belting  are 
overcome.  The  cotton  is  woven  solid  any  number  of  plies  while  the 
warp  is  under  a  steady  tension  ;  producing  a  belt  which  is  of  great 
tensile  strength,  equal  in  quality,  and  of  uniform  thickness  and 
strength  throughout,  without  laps,  and  is  balanced  from  end  to  end. 


COMPARATIVE   VALUE   OF  DIFFERENT   KINDS   OF  BELTING.        557 

A  recent  test  of  the  tensile  strength  of  an  8-inch  4-ply  cotton 
belt  showed  that  it  would  withstand  a  strain  of  10,790  pounds. 
These  tests  by  Col.  Webber  were  made  for  the  purpose  of  getting 
at  data  sufficient  to  formulate  a  rule  whereby  results  could  be 
guaranteed  under  different  arcs  of  contact,  tensions,  and  belt 
speeds,  and  I  think  the  proposed  formula  given  by  Col.  Webber 
a  good  and  sufficient  one.  Each  and  every  manufacturer  of  belt- 
ing ought  to  publish  his  own  formula,  and  then,  with  a  more 
thorough  knowledge  of  1iowt  the  belt  should  be  made,  it  would  be 
a  simple  matter  for  a  purchaser  of  belting  to  judge  where  it  would 
be  best  for  him  to  procure  the  belt  adapted  to  his  needs.  The 
action  of  centrifugal  force  upon  a  belt  running  at  different  rates  of 
speed  is  clearly  shown  in  the  difference  between  the  result  shown 
in  table  3,  where  you  will  fiud  a  record- test  of  a  belt  5  inches  wide, 
with  a  strain  of  117  pounds  per  inch  of  width  running  over  24-inch 
iron  pulleys.  The  driving  pulley  was  then  increased  to  46  inches, 
the  belt  lengthened  out,  and  put  on  under  the  same  strain.  I  do 
not  know  what  the  result  would  have  been  with  the  other  belts 
which  were  tested  running  under  the  above  conditions,  as  they 
varied  a  great  deal  in  thickness  and  weight.  It  would  not  have 
been  expedient  to  have  tried  the  link  belt  running  at  any  such 
rate  of  speed,  as  it  was  considered  unsafe  while  it  was  running  on 
the  24-inch  pulleys,  and  the  shafting  had  to  be  braced  up  as  shown 
in  the  cut.  Where  a  belt  is  of  a.  flexible,  soft  nature,  I  do  not  think 
that  the  centrifugal  force  will  make  very  much  difference  with  its 
running ;  and  I  am  inclined  to  think  that  the  reason  why  a  belt 
lengthened  out  as  described  by  Mr.  John  T.  Hawkins  in  his  dis- 
cussion of  Mr.  Lewis's  paper,*  where  he  referred  to  an  experiment 
made  on  a  wood-turning  lathe,  is  not  so  much  as  he  imagines  be- 
cause of  the  centrifugal  action,  but  rather  of  the  heat  developed  by 
the  belt  slipping  or  creeping  over  the  small  pulley,  which,  together 
with  the  working  up  of  the  fiber,  tends,  after  a  few  minutes'  run, 
to  heat  and  extend  the  fiber  of  the  material  of  which  the  belt  is 
composed  and  lengthen  it  .enough  to  reduce  the  strain  upon  the 
bearings,  so  that  it  will  run  comparatively  cool  at  a  high  rate  of 
speed.  The  point  I  wish  to  make  is,  that  the  belt  lengthened  out, 
as  described  above,  by  running  at  a  high  rate  of  speed,  will,  as 
soon  as  it  is  stopped,  contract  to  its  original  tension  and  length,  and 
upon  starting  again  the  same  conditions  are  observed.  Another 
point  was  clearly  established  by  Col.  Webber's  test,  and  that  was, 
*  Vol.  VII.,  Trans.  A.S.M.E,,  page  583. 


558        COMPARATIVE   VALUE   OF   DIFFERENT    KINDS    OF   BELTING. 

tliat  a  belt  will  drive  fully  as  much,  if  not  more,  with  the  flesh  side 
next  to  the  pullej^,  as  it  wall  with  the  grain ;  that  is,  with  the  same 
amount  of  work  put  upon  the  flesh,  it  will  drive  more  than  the 
grain  side.  It  is  almost  impossible  to  select  a  belt  which  has  to 
be  made  from  so  many  and  varying  qualities  of  leather  as  maybe 
found  in  the  different  hides  which  will  have  a  perfect  contact 
upon  the  pulley,  no  matter  which  side  is  used.  And  it  would  only 
be  possible  to  procure  a  belt  of  uniform  thickness  made  of  leather 
by  splitting  it  down  in  thickness  from  end  to  end,  and  immediately 
you  have  done  that,  you  materially  reduce  the  strength  of  the  belt. 
The  more  elastic  and  pliable  the  leather  is  made,  the  better  it 
will  hug  the  pulley ;  and  I  think  the  reason  why  the  new  leather 
belt  did  not  show  a  better  result  was  on  account  of  its  great  solid- 
ity and  harshness.  It  is  almost  impossible,  at  the  present  time,  to 
sell  to  a  consumer  or  user  of  belting  a  soft,  pliable  piece  of  leather, 
in  the  shape  of  belting,  for  immediately  he  comes  to  purchase  he 
wants  to  see  the  belt  of  the  width  required,  and  no  matter  how  fine 
a  piece  of  leather  may  have  been  used  in  its  manufacture,  if  it  is  soft 
he  complains  that  the  belt  was  cut  from  the  flank  portion  of  the 
hide,  and  any  amount  of  argument  will  not  make  him  think  other- 
wise. The  result  is,  that  going  across  the  street  to  a  neighboring 
establishment,  where  they  use  a  different  class  of  leather,  which 
feels  hard  and  solid,  no  matter  if  it  had  been  cut  from  the  flanky 
portion  of  the  hide,  he  purchases  the  belt,  takes  it  home,  and  hands 
it  to  his  foreman  with  the  remark  :  "There's  a  belt  that  is  solid 
and  substantial,  and  I  guess  will  last  a  long  time."  When  the 
foreman  comes  to  put  on  this  belt,  which,  by  the  way,  is  to  run  at 
a  high  rate  of  speed,  he  is  unable  to  make  the  belt  drive  the 
machine  intended,  and  sends  for  his  employer  to  know  if  he  can 
tell  him  the  reason  why  ;  but  he  cannot  inform  him,  and  it  is  only 
when  they  call  in  a  practical  belt-maker  that  they  find  out  that 
the  belt  is  so  hard  and  stiff  that  it  will  not  readily  bend  around  the 
small  pulleys,  and  that  the  centrifugal  force  will  immediately  throw 
it  off  the  pulley.  A  thin,  pliable  belt  is  immediately  substituted, 
and  found  to  do  the  work  in  a  perfectly  satisfactory  manner,  and 
the  purchaser  just  commences  to  realize  the  fact  that  he  knows 
very  little  about  belting,  and  is  thereafter  ready  to  listen  to  what 
is  told  him  in  regard  to  the  matter.  An  instance  similar  to  that 
above  described  came  under  the  writer's  notice  only  a  short  time 
since,  and  it  goes  to  show  clearly  that  to  produce  a  belt  which  will 
give  tire  best  results  as  a  transmitter  of  power,  the  material  used 
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must  be  of  a  flexible  nature,  in  order  to  produce  perfect  contact 
with  pulleys.  The  belt  must  lead  straight  on  to  the  pulleys,  no 
matter  how  much  it  is  elongated,  and  when  finished  must  be  evenly 
balanced,  straight  and  true  in  its  running,  and  transmit  the  re- 
quired power  with  the  least  strain  upon  the  belt  and  bearings. 

Another  point  established  by  Col.  Webber's  test  is,  that  as  you 
increase  tension  and  speed,  so  you  increase  the  driving  capacity 
of  the  belt. 

Mr.  John  T.  Hawkins. — Mr.  Underwood  is  a  little  disposed  to 
undervalue  my  idea  of  the  question  of  centrifugal  force  in  the 
action  of  high-speed  belts,  and  I  would  like  to  emphasize  this  fact : 
that  in  making  the  tests  or  experiments  referred  to,  with  the  lower 


Fig.  164. 

or  driven  spindles  1  inch  in  diameter,  carrying  4  pulleys,  and  the 
overhead  or  drivers  36  inches,  the  4-inch  belts  were  tightened,  by 
taking  up,  until,  at  2,000  revolutions  per  minute  of  the  spindles, 
the  bearing  could  not  be  kept  cool  by  any  means  known  to  me  ; 
while,  without  any  other  change  than  to  increase  the  speed  to 
5,000  per  minute,  they  would  not  only  cool  down  from  their  pre- 
viously heated  condition,  but  continue  to  run  cool  indefinitely. 
I  think  this  proves  conclusively  that  the  centrifugal  action,  at 
such  speeds,  releases  the  bearing  from  a  very  great  part  of  the 
pressure  due  to  the  tension  of  the  belt. 

1  would  like  to  call  the  attention   of  the  meeting  to  a  method, 
arrived  at  in  prosecuting  these  experiments,  for  determining  the 
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amount  of  creeping  or  slip.  I  have  done  nothing  of  a  very  close 
character  in  these  experiments,  but  indirectly  fell  upon  this 
method  of  determining  how  much  a  belt  ma}-  slip,  or  creep,  from 
the  difference  of  tensions,  upon  a  pulley,  under  given  conditions. 

The  illustration  (Fig.  164)  represents  an  overhead  countershaft 
a,  carrying  two  86-inch  pulleys  e,f,  the  belts  therefrom  running 
on  to  two  separate  4-inch  pulleys  b,  c  below,  the  upper  ones  being 
the  drivers.  Applying  a  brake  to  one  of  the  lower  spindles  would 
tend  to  make  the  belt  creep  upon  the  upper  one,  by  increasing 
the  difference  of  tensions  in  the  belt ;  and  I  happened  to  discover 
one  day,  standing  in  a  position  d,  such  that  the  line  of  sight 
would  pass  through  both  rows  of  belt-lacing  holes  h,  h  (these 
holes  being  not  entirely  filled  by  the  lacing),  and  terminating  in  a 
window  g  opposite,  that  when  both  lower  spindles  were  unloaded, 
owing  to  a  slight  difference  of  diameter  in  the  upper  drivers,  the 
pencil  of  light  passing  through  the  lacing-holes  would  have  a  slow 
motion  downward,  as  indicated  by  the  lower  dotted  line,  until  it 
disappeared  at  the  lower  pullej's,  returning  again,  after  a  proper 
lapse  of  time,  at  the  tops.  By  applying  the  brake  to  one  of  the 
lower  spindles  the  motion  of  the  light  pencil  might  be  made  to  re- 
main stationary  as  projected  on  the  window,  or  to  move  upward 
or  downward  at  will.  I  merely  mention  the  experiment  as  some- 
thing that  may  be  of  value  in  other  future  experiments  upon  belt- 
ing, in  which  it  might  be  desirable  to  know  the  amount  of  slip  or 
creeping  of  a  belt  under  given  conditions. 

Mr.  H.  R.  Towne. — Before  we  drop  this  subject  I  want  briefly 
to  comment  on  one  point  which  has  been  mentioned,  namely  :  the 
carrying  of  air  between  the  belt  and  the  pulley  at  high  velocities. 
In  a  paper  by  the  late  Robert  Briggs,  published  in  the  Journal  of 
the  Franklin  Institute  for  February,  186S,  in  reporting  the  ex- 
periments to  which  I  previously  referred,  Mr.  Briggs  threw  out 
the  suggestion  that  the  entrainment  of  air  between  belt  and 
pulley  might  be  a  factor  of  importance  in  the  transmitting  power  of 
belts  at  high  velocities,  and  suggested  that  the  fact  could  be  easily 
ascertained  and  a  remedy  applied,  in  part  at  least,  by  putting  a 
stripper  close  to  the  pulley,  and  between  the  pulley  and  the  belt, 
of  such  form  as  to  strip  any  air  carried  along  by  the  belt  from  it 
as  it  passed  on  to  the  pulley.  I  think  it  would  be  interesting  and 
useful  for  au}-  others  who  may  make  experiments  in  this  field  to 
apply  such  a  stripping  device  as  Mr.  Briggs  suggested  in  order 
to  determine  whether  or  not  there  is  anything  important  in  it. 
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Mr.  C.  E.  Emery. — I  wish  to  take  issue  with  the  form  of  the 
expressions  used  to  obtain  the  width  in  inches  and  horse-power. 
The  correct  form  of  an  equation  expressing  the  relations  referred 
to  is  well  settled,  and  it  would  add  very  much  to  the  value  of  any 
series  of  experiments  and  prevent  constantly  recurring  confusion 
in  attempting  to  compare  results  if  all  writers  would  publish  their 
results  in  the  form  of  constants  applicable  to  the  established 
formulae  on  the  subject.  As  a  matter  of  course  the  driving  side 
of  the  belt  must  be  under  greater  teusion  than  the  other,  and  there 
must  be  a  gradual  reduction  of  the  extra  tension  from  the  point 
of  contact  on  the  pulley  on  the  driving  side  to  the  point  of  contact 
where  the  slack  side  of  the  belt  leaves  the  pulley.  This  reduc- 
tion is  not,  however,  in  an  arithmetical  ratio.  The  friction  of  the 
belt  upon  the  pulley  is  in  all  cases  proportioned  to  the  pressure 
of  one  surface  upon  the  other.  This  pressure  is  necessarily  greater 
on  the  strained  side  and  the  tension  of  the  belt  transmitted  to  the 
next  section  to  produce  friction al  contact  is  reduced  and  so  on 
throughout  the  entire  arc  of  contact  at  a  rapidly  reducing  rate  ex- 
pressed by  the  ordinates  of  a  hyperbolic  curve  readily  integrated 
by  hyperbolic  logarithms.  The  subject  was  very  exhaustively  dis- 
cussed by  Professor,  now  President,  Morton,  when  he  was  edi- 
tor of  the  Journal  of  the  Franklin  Institute.  (See  that  Journal 
for  January,  1868.)  He  discusses  a  long  series  of  experiments 
made  by  Mr.  J.  H.  Cooper  and  others  by  Mr.  Henry  E.  Towne 
and  finally  concludes  that  for  ordinary  belts  of  average  thickness 
(say  0.22  inch),  a  maximum  working  strain  of  66 1  pounds  per  inch 
in  width  could  be  permitted.  On  this  basis  Rankine's  formula 
(Applied  Mechanics)  takes  the  following  form  : 

W=66|(l-10-0003206a) 

in  which  W=the  working  strain  transmitted  per  inch  of  width  in 
pounds. 

a=t\\e  arc  of  the  contact  in  degrees. 
.  This  investigation  was  accepted  by  Mr.  D.  K.  Clark,  and  he 
presents,  on  page  750  of  his  well-known  Manual,  a  table  showing 
the  driving  power  of  leather  belting  calculated  therefrom.  A  state- 
ment of  these  various  considerations  and  a  copy  of  this  table  will 
be  found  at  page  56  in  the  general  report  of  the  Judges  of  Group 
XX.,  International  Exhibition,  written  by  the  speaker. 

Mr.  F.  H.  Richards. — It  would  seem  there  is  no  one  detail  of 
machine  construction  which  has  in  its  application  a  greater  va- 
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riety  of  circumstances  than  belting.  It  seems  to  me  impossible, 
for  that  reason,  that  an}'  rale  can  give  the  correct  relative  value 
of  different  kinds  of  belting  for  all  purposes.  Let  me  give  you  an 
instance  of  that.  Some  years  ago,  on  shafts  4  feet  apart,  a  belt 
1^  inches  wide,  and  running  from  a  driving  pulley  12  inches 
diameter  on  to  a  driven  pulley  1|  inches  diameter,  was  run  at  a 
speed  of  over  a  mile  per  minute  (6,000  feet).  Owing  to  the  cen- 
trifugal force,  as  it  was  supposed,  the  belt  seemed  to  touch  the 
small  pulley  only  about  one-half  inch  on  the  circumference.  The 
durability  of  this  belt  was  about  a  week,  and  under  the  circum- 


Fig.  165. 


stances  that  was  considered  quite  satisfactory.  I  could  give  you 
many  other  instances  of  belts  operated  under  special  conditions, 
tending  to  show  that  any  rale  which  wdli  apply  to  the  ordinary 
transmission  of  power  (as  from  one  line  shaft  to  another)  is 
totally  valueless  for  universal  use. 

Mr.  F.  H.  Underwood. — A  good  deal  has  been  said  about  belts 
which  show  different  results  being  from  the  same  grade  of  mate- 
rial and  of  the  same  manufacture. 

That  is  easily  explained.  In  Fig.  1G5  we  have  a  drawing  of  a 
hide  showing  the  different  portions  ;  A-B  is  the  tight  line  running 
through  the  hide  in  the  center.  There  is  also  a  tight  line  or  side 
running  where  the  flank  comes  up  and  stops,  as  shown  by  the 
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dotted  lines  B-C.  Now,  a  great  many  belt-makers  have  an  idea 
that  if  you  want  a  four-inch  belt,  you  must  split  the  hide  right 
through  the  middle,  at  A-B,  and  cut  off  as  many  strips  as  you 
like.  That  is  not  right.  The  only  place  you  can  take  it  from  and 
have  it  run  perfectly  true  is  2"  each  side  of  the  center.  No 
manufacturer  could  afford  to  make  belting  and  sell  it  at  the  price 
they  have  to,  and  cut  it  all  from  that  portion.  To  produce  a 
straight  belt  we  must  work  equidistant  from  this  line  A-B,  and 
that  line  B-C.  You  put  a  lot  of  strips  together  cut  from  A-B  and 
C-D  and  it  will  form  a  circle.  But  if  you  want  to  cut  this  into 
belts,  you  must  strip  it  into  something  very  narrow.  If  you  want 
a  36"  belt,  you  must  go  18"  each  way  from  the  center.  If  we  want 
a  belt  which  is  wide,  say  48",  we  commence  at  the  center  here  and 
measure  out  24",  and  putting  this  side  A-B,  and  the  flank  portion 
B-C  together,  we  make  a  double  belt  which  ought  to  draw  on  each 
side  alike.  The  reason  why  you  have  trouble  in  getting  the  same 
kind  from  one  manufacturer  is  that  you  cannot  afford  to  pay  him 
enough.  In  making  these  tests  Col.  Webber  suggests  taking  each 
belt  as  it  comes  from  the  manufacturer  and  running  it  two  or 
three  hours  before  making  the  test.  Now,  the  atmosphere  will 
have  a  great  effect  upon  leather,  or,  in  fact,  upon  any  material,  I 
do  not  care  what ;  even  if  it  is  iron  it  will  have  more  or  less  influ- 
ence on  it.  And  you  cannot  get  a  belt  but  what  will  be  influenced 
by  the  atmosphere  more  or  less,  so  that  on  a  dry  day  it  will  run 
differently  from  what  it  will  on  a  wet  one. 
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ON  A  NEW  METHOD  OF  MAKING  TUBES  FROM  SOLID 

BARS. 

BY  GEO.   H.   BABCOCK,  NEW  YORK  CITY. 

(Member  of  the  Society.) 

We  have  all  heard  of  the  Irishman's  method  of  making  a  can- 
non by  "  taking  a  hole  and  pouring  melted  iron  around  it,"  butit  has 
been  reserved  for  a  German  actually  to  do  a  similar,  or  apparently, 
an  even  more  difficult  thing — to  take  a  hole  and  force  a  bar  of 
wrought  iron  or  steel  around  it !  We  are  familiar  with  the  process 
of  drilling  and  punching  for  perforating  metals,  but  here  comes  a 
man  who,  ignoring  all  such  makeshifts,  by  "external  applications 
only" — as  a  skillful  physician  treats  an  internal  congestion — rolls 
a  hole  into  the  middle  of  a  solid  rod,  thus  forming  it  into  a  tube  ! 
What  makes  the  hole  %  Apparently,  like  the  boy's  whistle,  it  "  does 
itself." 

Seriously,  this  is  no  joke.  The  specimens  which  I  have  the 
privilege  of  exhibiting  to  the  Society  tell  their  own  story,  and 
scarcely  need  the  evidence  of  the  eye  witness  who  saw  them  made, 
and  who  loaned  them  for  this  purpose.  As  yet  the  process  has 
not  been  worked  in  this  country,  but  it  is  in  practical  operation  in 
Germany.  It  is  the  invention  of  two  brothers  named  Mannes- 
man n,  of  Hemscheid,  and  the  modus  operandi  is  as  difficult  to 
understand  and  explain  as  was  Gift'ord's  injector,  or  Bohnenberg- 
er's  gyroscope. 

The  apparatus  necessary  to  effect  the  result  consists  of  two  roll- 
ers slightly  conical,  the  axes  of  which  are  in  different  planes — or 
form  two  lines  in  a  twisted  surface — their  nearest  approach  being 
at  or  near  the  bases  of  the  cones.  The  surface  of  the  cones  may  be 
threaded  in  such  a  way  that  they  tend  to  draw  a  body  rolling  between 
them  towards  their  larger  ends.  The  bar  to  be  operated  upon 
should  be  approximately  round,  and  its  end  is  to  be  inserted,  while 
hot,  between  the  cones,  its  axis  being  intermediate  at  all  points  to 
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the  axes  of  the  rollers.  The  action  of  the  cones  is  to  draw  out 
and  twist  the  bar,  during  which  operation  a  hollow  forms  in  its 
axis,  and  when  the  bar  emerges  it  is  a  tube  with  a  somewhat  rough 
but  approximately  cylindrical  and  concentric  bore,  the  surface  of 
which  shows  a  decided  twist. 

Among  the  exhibits  is  a  bar  which  was  drawn  down  at  each  end 
before  going  through  the  mill,  so  that  no  action  took  place  at  these 
ends.  This  bar,  after  cooling,  was  broken,  and  shows  conclusively, 
by  the  color  and  character  of  the  bore,  that  no  tool  and  not  even  the 
air  touched  it  during  the  operation,  the  interior  having  the  same 
appearance  as  the  fracture. 

The  tubes  thus  formed  are  applicable  directly  for  some  purposes, 
but  by  a  proper  formation  of  the  rolls  behind  the  bases  of  the 
cones,  or  additional  pairs  of  rolls,  with  suitable  mandrel  or  man- 
drels, this  tube  may,  at  the  same  heat,  be  expanded  and  finished  into 
a  regular  weldless  boiler  tube,  or  gas  pipe,  as  some  of  the  speci- 
mens shown  ;  or  this  may  be  done  at  a  separate  operation. 

That  the  metal  is  not  harmed  by  this  rather  rough  handling  may 
be  inferred  from  several  specimens  shown,  of  tubes  which  have 
undergone  operations  of  expanding,  flanging,  flattening,  etc.,  which 
would  try  the  temper  and  quality  of  any  respectable  tube. 
Specimens  are  also  shown  of  brass  and  copper  tubes,  made  by  the 
same  process. 

DISCUSSION. 

Mr.  William  Hewitt. — This  matter  has  a  peculiar  interest  to  me, 
as  it  reminds  me  of  a  little  experiment  which  I  tried  about  twelve 
years  ago.  I  devised  a  machine  similar  in  some  respects  to  Mr. 
Mannesmans'  apparatus  with  the  idea  of  rolling  in  a  single  pass  a 
bar  or  billet  of  perhaps  one  inch  in  diameter,  to  a  wire  rod  of 
about  quarter-inch  in  diameter.  By  the  present  method  this  re- 
quires about  13  or  14  passes.  It  was  one  of  those  things  which 
was  going  to  revolutionize  the  art,  but  this  has  since  been  done  in 
quite  a  different  way.  The  way  in  which  I  proposed  to  do  it  was 
to  pass  the  bar  axially  between  two  revolving  hyperboloids  in  a 
direction  intermediate  to  that  of  their  axes,  the  latter  being  so 
arranged  that  the  generating  lines  would  fall  into  the  same  plane 
where  the  rolls  came  together,  converging  or  rather  tapering 
slightly  from  the  small  end  of  the  rolls  to  the  larger  end ;  the  de- 
gree of  taper  depending  of  course  upon  the  amount  of  reduction 
37 
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which  I  proposed  to  give  the  metal.     The  rolls  had  the  appear- 
ance shown  in  Fig.  166. 

Suitable  guides  were  provided  for  retaining  the  metal  in  its 
proper  position ;  the  action  of  these  rolls  it  is  obvious  was  such 
as  to  draw  the  metal  in  and  through  the  apparatus,  reducing  it 
with  a  spiral  motion.  I  constructed  a  small  hand  model  with 
which  I  experimented  upon  some  lead  bars.  The  model  was  a 
very  rude  affair,  and  hardly  adequate  for  a  fair  experiment.  It 
was  too  light ;  the  rolls  would  spring  slightly  from  the  guides,  and 
the  metal  got  jammed  up  between  the  rolls  and  the  guides  and 
was  cat  to  pieces  against  the  sharp  edges  of  the  latter.  I  did  not< 
succeed  in  getting  a  piece  entirely  through  the  rolls,  but  managed 
to  make  some  fair  points.  I  therefore  abandoned  the  idea  of 
drawing  the  metal  out  into  a  rod  in  this  way,  and  devised  another 
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machine  for  the  purpose  of  simply  pointing  ;  this  being  a  neces- 
sary operation  before  the  rod  can  be  drawn  down  into  wire.  I 
attempted  to  do  this  by  introducing  the  end  of  the  rod  between 
the  inclined  faces  of  two  vertical  dies  moving. alternately  and  very 
rapidly  up  and  down  in  slides.  I  first  tried  some  iron  rods,  but 
these  were  mashed  into  no  shape,  the  fibers  of  the  material  being 
actually  torn  asunder ;  I  then  tried  some  Bessemer  steel  and 
managed  to  get  some  very  good  points.  I  noticed,  however,  that 
the  tips  all  had  a  deep  conical  depression  or  cavity,  and  I  presume 
if  the  experiment  could  have  been  carried  farther,  forcing  the 
metal  through  the  dies  and  over  a  mandrel,  that  it  would  have 
been  rolled  into  a  pipe  or  tube,  but  as  I  was  not  particularly  inter- 
ested in  the  manufacture  of  tubes,  and  the  apparatus  as  a  point- 
ing machine  was  so  uncertain  in  its  operation,  I  abandoned  it. 

I  am  also  reminded  of  the  experiment  in  the  rolling  of  rivets 
which  my  father,  Mr.  Charles  Hewitt,  tried  many  years  ago, — in- 
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deed  it  was  before  my  time, — and  I  cannot,  therefore,  give  you  an 
exact  description  of  the  apparatus  which  he  employed,  but  I  be- 
lieve he  attempted  to  roll  them  in  a  manner  similar  to  that  in 
which  a  puddle  ball  is  rolled  into  a  bloom  in  the  ordinary  rotary 
squeezer,  the  blanks  being  introduced  in  one  end  in  a  continuous 
stream  and  dumped  out  at  the  other  end  in  finished  rivets.  The 
rivets  all  had  that  peculiar  conical  depression  or  cavity  in  the  end, 
and  the  thing  was  abandoned  on  that  account. 

Mr.  Francis  H.  Still-man. — Having  received  information  that 
there  were  parties  in  New  York  City  who  had  made  tubes  in  this 
method  described  by  Mr.  Babcock,  I  endeavored  to  get  a  meeting 
with  them  and  was  finally  referred  to  a  lawyer  who  proved  to 
be  an  attorney  for  one  of  the  Mannesmann  Bros.  From  papers 
which  he  has  allowed  me  to  examine  the  following  points  are  taken. 

Mr.  Mannesmann  states  that  the  rollers  should  have  abrupt 
conical  faces  placed  like  skew  rolls  as  used  for  polishing  surfaces 
and  I  believe  for  straightening  bars.  The  working  faces  of  the 
rolls  should  be  provided  with  spiral  ribs  or  corrugations  which 
give  a  more  effective  hold  upon  the  blank,  and  owiDg  to  the  fact 
that  they  gradually  become  coarser  in  pitch,  the  spiral  ribs  have 
the  effect  of  progressively  drawing  the  metal  from  the  outer  por- 
tion of  bar,  inward  and  forward.  A  later  invention  allows  the 
tube  to  be  expanded  after  drawing  to  even  larger  than  original 
bar.  Iron  and  steel  should  be  very  highly  heated  preparatory  to 
being  subjected  to  the  action  of  the  diagonal  rolls. 

The  emplo}-ment  of  a  so-called  "  holding  back  bar,"  which  is 
placed  with  one  end  against  the  center  of  the  heated  blank  at  the 
point  where  it  is  being  acted  on  by  the  rolls  (Fig.  167),  renders  it 
unnecessary  to  reduce  the  diameter  so  much  as  when  the  holding- 
back  effect  is  obtained  entirely  by  the  convergent  faces  of  the 
rolls,  so  that  the  blank  suffers  comparatively  little  or  no  reduction 
in  diameter. 

The  pointed  mandrel,  the  shape  of  which  is  shown  in  Fig.  167, 
is  to  be  used  on  brass  or  soft  and  ductile  metals  which  cannot 
be  so  highly  heated. 

The  headed  mandrel  also  serves  the  purpose  of  a  plug  (see 
page  571)  to  prevent  the  entrance  of  air  into  the  tube  and  inter- 
fering with  the  welding,  or  drawing,  by  the  formation  of  oxide. 
Mr.  Mannesmann  has  made  further  inventions  by  which  the  same 
results  are  to  be  performed  between  revolving  hemispheroidal 
rolls. 
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Mr.  Thos.  S.  Crane. — I  would  like  to  ask  if  any  one  present  can 
tell  us  the  speed  at  which  this  tube  is  formed  or  the  rod  is  trav- 
ersed through  the  rolls.  I  suppose  the  friction  would  generate 
more  or  less  heat.  I  would  like  also  to  ask  whether  the  tube  as  it 
is  formed  is  projected  upon  the  point  of  the  mandrel — whether 
that  is  the  understanding  from  the  sketches. 

Mr.  George  Schuhmann. — From  what  I  have  learned  about  this 
new  method  I  understand  that  the  tube  is  not  projected  against  the 
point  of  the  mandrel.  The  metal  parts  before  it  reaches  the  man- 
drel In  fact,  tubes  can  be  made  without  any  mandrel  at  all,  and 
the  latter  is  only  used  to  smooth  the  inside  of  the  tubes  and  to 
enlarge  them.  -Although  there  does  not  seem  to  be  any  wear  on 
the  point,  I  should  think  there  must  be  a  considerable  amount  of 
friction  on  the  bearing  part  of  the  mandrel. 

Mr.  Wm.  Kent. — The  rolling  hyperboloids  are  in  constant  use 
at  the  National  Tube  Works  at  McKeesport,  Pa.  I  saw  them  in 
Scotland  five  years  ago  at  the  tube  works  of  A.  k  J.  Stewart. 
Coatbridge,  and  the  invention  was  credited  to  Mr.  Matheson, 
then  of  the  National  Tube  Works.  It  is  curious  that  a  process 
should  be  used  for  finishing  tubes  which  should  later  be  dis- 
covered as  a  process  which  would  make  a  tube. 

Mr.  F.  R.  Hutton. — I  might  also  add  a  point  which  has  come  to 
my  own  knowledge.  Prof.  Eeuleaux  has  taken  up  anew  the  sub- 
ject of  transmitting  power  by  means  of  compressed  air,  and  pro- 
poses that  for  that  purpose  compressed  air  should  be  applied  of 
a  great  deal  higher  tension  than  we  are  in  the  habit  of  using.  I 
think  he  proposes  that  a  pressure  of  fifteen  hundred  pounds  to 
the  square  inch  should  be  used  at  Frankfort  which  will  enable 
him  to  carry  his  pressure  through  very  small  pipes.  His  hope 
and  expectation  is  that  a  Mannesmann  tube  thirty  to  thirty-five 
feet  in  length  would  enable  him  to  use  the  compressed  air  in  these 
small  pipes  with  very  much  fewer  joints  in  his  conducting  pipes 
than  would  be  required  with  a  shorter  length  of  the  ordinary 
lap-welded  tube. 

Dr.  Robert  Grimshaw. — Prof.  Sweet  called  attention  yesterday 
to  the  fact  that  some  one  whom  he  knew  had  made  a  machine  for 
straightening  spindles,  using  those  small  rolls,  but  that  the  ma- 
chine was  not  a  success,  because  if  you  were  not  careful  with  it 
you  would  roll  a  hole  in  the  spindle. 

Mr.  Geo.  M.  Bowl— I  believe  the  Medart  Patent  Pulley  Com- 
pany of  St.  Louis  have  a  straightening  machine  on  that  principle. 
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So  far  as  I  could  judge  from  their  circular,  the  wheels  were  con- 
ical instead  of  hyperboloids,  the  action  of  the  straightening  rolls 
drawing  the  shaft  from  one  end  of  the  machine  to  the  other.  I 
have  never  seen  the  machine  in  operation — simply  having  had  its 
operation  described  to  me. 

Mr.  J.  F.  Wilcox. — A  machine  similar  to  the  one  Mr.  Bond 
speaks  of  was  patented  about  1878  or  1879  by  Mr.  Seaman  of 
Pittsburgh  and  is  now  in  use  on  a  very  large  scale  at  Akron, 
Ohio,  for  making  hot  rolled  shafting.  The  rolls  are  conical — not 
hyperboloids,  and  it  has  been  used  there  as  a  commercial  success 
for  the  last  four  or  five  years.  It  is  also  used  by  Park  Brothers 
in  Pittsburgh,  and  they  had  this  same  trouble  in  making  finger 
bars  for  harvesters  where  the  end  had  to  be  cut  off,  leaving  four  or 
six  inches  of  waste.  It  has  been  used  and  used  successfully. 
We  have  used  a  number  of  feet  of  it  where  we  require  high 
speed.  It  is  far  superior  to  the  old  Jones  &  Laughlin  cold  rolled 
shaft.  I  believe  Jones  &  Laughlin  have  put  in  two  of  these  ma- 
chines in  the  last  two  years. 

Mr.  Wm.  Kent. — I  remember  seeing  Seaman's  straightening 
•machines  in  Pittsburgh,  Akron,  and  other  places,  and  m}-  recol- 
lection is  that  it  was  a  series  of  cylindrical  rolls  with  collars.  I 
would  ask  Mr.  Wilcox  if  there  are  any  modifications  of  that  ma- 
chine.    I  never  saw  the  conical  one. 

Mr.  Wilcox. — The  earlier  machines  were  made  with  collars.  The 
later  ones  are  turned  conically  but  with  such  a  slight  cone  you 
would  think  by  the  eye  that  they  were  c}~lindrical.  Unless  you 
put  a  calliper  on,  they  do  not  appear  conical.  They  are  turned 
up — I  should  hazard  a  guess  upon  it — about  fourteen  inches  in 
diameter,  tapering  down  probably  a  quarter  of  an  inch  in  a  length 
of  thirty  inches. 

Mr.  Kent. — They  have  abandoned  the  collar  sj^stem,  then  ? 

Mr.   Wilcox. — They  have  abandoned  the  collar  system. 

Mr.  Allan  Stirling. — When  I  mention  the  name  of  Mr.  Henry 
Burden,  of  Troy,  the  members  will  recognize  the  name  of  one  of 
the  great  inventors  of  the  country,  and  particularly  in  the  iron 
trade.  I  think  that  his  horseshoe  machine  as  used  at  present  is 
one  of  the  most  wonderful  machines  in  existence.  Mr.  Burden  is 
also  the  inventor  of  the  Burden  Squeezer,  and  in  experiments 
which  he .  made  in  connection  with  squeezing  puddle  balls  it  has 
come  to  my  knowledge  that  he  used  three  vertical  conical  rolls. 
The  ball  was  put  in  at  the  top  (I  believe  at  the  small  end  of  the 
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cones)  and  gradually  worked  through  and  came  out  at  the  bot- 
tom in  the  shape  of  a  billet  ready  to  be  rolled.  I  am  glad  to  speak 
of  Mr.  Burden  on  this  occasion  and  to  pay  a  tribute  to  his  mem- 
ory as  one  of  the  great  inventors  in  this  field. 

The  President. — Mr.  Stirling  cannot  tell  us  if  those  rolls  were 
placed  on  parallel  axes  or  otherwise? 

Mr.  Stirling. — I  am  not  sufficiently  familiar  with  them  to  say. 

Mr.  F.  H.  Richards. — The  reference  by  Prof.  Hutton  to  the 
opinion  of  Prof.  Reuleaux  respecting  compressed  air  for  trans- 
mission of  power  recalls  some  experiments  once  made  in  this 
country  in  that  direction.  The  air  was  compressed  at  two  steps, 
first  to  about  150  lbs.,  and  next  to  upwards  of  2,000  lbs.  pressure 
per  sq.  inch.  The  first  compression  generated  a  high  tempera- 
ture in  the  machinery,  but  during  the  last  compression  no  trouble 
was  experienced  from  that  cause.  The  air  was  conveyed  several 
hundred  feet  in  wrought-iron  pipes,  coupled  wTith  straight  threads 
and  copper  washers  between  the  ends ;  and  was  stored  in  a  se- 
ries of  Avrought-iron  reservoirs  similarly  connected.  The  max- 
imum pressure  was  maintained  for  months  at  a  time  without  any 
leakage.  There  is  no  serious  difficulty  in  putting  together  the 
piping  and  apparatus,  provided  a  few  simple  precautions  are 
always  observed.  Fine  workmanship  is  not  required ;  but  the 
metal  must  be  sound,  and  ample  force  must  be  applied, — suffi- 
cient, in  fact,  always  firmly  to  imbed  metal  to  metal.  The  "  fits  " 
(joints)  must  be  made  tight  by  pressure,  not  by  hand  fitting. 
This  principle  was  successfully  applied  not  only  to  the  piping, 
but  also  to  the  valves  and  cocks. 

The  results  attained  warrant  the  opinion  that  air  at  high  pres- 
sures is  a  most  perfect  spring,  giving  out  very  nearly  the  whole 
power  put  into  it.  Between  the  pressures  of  300  and  1,500  lbs. 
the  changes  of  temperature  are  slight;  and  allowing  200  lbs.  for 
friction  and  other  losses,  there  is  1,000  lbs.  available  for  use. 
Of  course,  a  return  circuit  should  be  used,  in  order  to  avoid  the 
freezing  of  the  engines,  and  excessive  heating  in  compression. 
In  our  experiments,  however,  the  air  was  not  returned. 

The  engine  which  gave  the  best  results  had  a  stroke  5  times  the 
diameter  of  cylinder,  this  being  about  3  inches ;  and  the  highest 
pressure  used  on  the  piston  was  about  1,200  lbs.  My  own  belief 
is  that  the  air  should  be  both  compressed  and  expanded  on  the 
top  of  fluid  columns,  which  lie  on  the  piston  of  the  compressor  or 
engine,  as  the  case  may  be.     Besides  this,  there  should  be  a  sur- 
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plus  of  fluid,  a  little  passing  through  the  valves  at  each  stroke,  to 
pack  them.  Oil,  notwithstanding  its  tendency  to  foam,  is  prob- 
ably the  best,  as  it  effectually  disposes  of  the  problem  of  lubri- 
cation, and  is  taken  up  and  carried  through  the  pipes  by  the  air, 
in  considerable  quantity. 

It  is  probable  that  the  loss  by  friction  in  pipes  will  be  against 


Fig.  167. 


the  use  of  ah*  for  transmission  through  long  distances,  since  at 
such  high  pressures  it  is  a  comparatively  heavy  body.  In  this  re- 
spect, and  as  to  fluidity,  steam  will,  I  think,  prove  the  superior. 
But  in  some  situations,  air  offers  important  advantages,  and  these 
will  become  much  more  available,  if,  as  the  paper  indicates,  per- 
fectly sound  pipes  can  be  supplied  by  the  new  method  at  a  much, 
lower  cost. 

Mr.  Geo.  H.  Bohcock. — I  would  say  in  reference  to  several  re- 
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marks  that  have  been  made,  that  Mr.  Mannesmann,  who  is  now 
in  New  York,  promised  that  he  would  be  present  at  this  meeting 
and  be  prepared  to  answer  any  question  which  might  be  asked  in 
regard  to  the  process. 

Mr.  Crane  inquires  as  to  the  speed.  Mr.  Mannesmann  tells 
me  that  they  have  rolled  tubes  2  inches  in  diameter  and  24 
feet  long,  I  think,  at  one  heat,  and  he  thinks  that  they  could 
make  them  still  longer  if  they  could  conveniently  hold  their  man- 
drel ;  that  the  speed  with  which  the  tube  comes  out  is  a  question 
entirely  of  the  velocity  of  the  rollers,  and  that  he  does  not  see  any 
limit  to  the  length  of  tube  which  can  be  drawn  at  one  operation 
excepting  the  question  of  holding  the  mandrel  properly.  I  under- 
stand that  this  mandrel  is  socketed  in  a  screw  and  is  allowed  to 
revolve,  bat  that  it  does  not  revolve  at  the  same  speed  with  the 
tubes  at  all  points,  causing  a  twist  in  the  tube.  You  will  notice 
that  these  samples  all  show  a  sort  of  spiral — not  exactly  fiber  but 
something  like  fiber.  The  mandrel  is  held  firmly  by  resisting 
points.     (See  Fig.  167.) 

It  is  reduced  as  it  passes  into  the  conical  rolls ;  and  that  re- 
duction, in  connection  with  the  continuous  shifting  of  the  point  of 
action,  is  what  is  supposed  to  explain  the  peculiar  effect  in  making 
this  opening.  If  no  mandrel  is  used  the  opening  will  be  made  as 
is  shown  in  the  specimens,  through  the  bar.  I  have  seen  a  tube 
about  the  size  of  my  finger  and  12  feet  long  with  an  opening  the 
whole  length  of  it  made  in  that  way. 

Mr.  Kent  refers  to  Mr.  Matheson's  straightening  device  for 
tubes.  I  am  familiar  with  that  and  its  operation.  Mr.  Matheson 
is,  I  think,  now  in  Europe  for  the  purpose  of  investigating  this 
method.  His  rolls  are  hyperboloids,  bearing  the  whole  length 
and  operating  upon  tubes  with  no  reduction  in  diameter.  Of 
course  he  found  no  interior  action. 

With  regard  to  the  shafting  machine  :  Mr.  Wilcox  has  explained 
why  it  does  not  make  the  shafting  hollow,  because 
the  rolls  are  nearly  straight,  very  slightly  in- 
clined, and  there  is  no  material  reduction  in 
diameter  of  the  shafting ;  therefore  no  such 
action  can  take  place  on  the  interior  as  is 
found  in  the  Mannesmann  machine.  The  in- 
ventor explains  the  action  thus  (Fig.  168) :  The 
lines  of  force  radiating  from  the  two  compress- 
Fio.  168.  ing  points   tend   to   produce   a   rupture   at  the 
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center  just  the  same  as  occurs  in  hammering  large  shafting  which 
is  frequently  found  to  be  either  porous  or  ruptured  in  the  center 
by  the  action  of  the  hammer  on  the  exterior.  As  the  roll  and 
bar  revolve,  the  rupture,  so  to  speak,  revolves  also,  and  produces 
a  continuous  bore.  There  is  also  the  drawing  forward  action,  men- 
tioned by  Mr.  Stillman,  particularly  at  the  end  of  the  bar,  and 
after  it  has  reached  the  mandrel.  But  that  alone  does  not  explain 
why  a  tube  is  made  when  no  mandrel  is  used,  nor  how  the  bore 
can  start  in  the  interior  of  a  bar,  as  in  some  specimens  shown. 
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CCL1II. 

WHAT  ARE   THE  NEEDS    OF   OUR   XAVY? 

BY  H.    ASHTON   RAMSAY,   BALTIMORE,    MD. 

(Member  of  the  Society.) 

It  is  now  more  than  two  decades  since  the  great  shock  of  arms, 
which  the  nations  of  the  old  world  viewed  at  first  with  only  half- 
concealed  pleasure,  in  the  hope  that  it  would  dismember  the 
young  republic.  Later  on  their  feelings  changed  to  awe,  surprise, 
and  forced  admiration  at  the  sight  of  the  vast  armies  and  navies 
called  into  existence  as  if  by  magic,  as  they  read  of  the  great 
battles  which  were  fought  ashore  and  afloat,  quite  equaling, 
if  not  eclipsing,  anything  which  the  world  had  before  seen  in  the 
way  of  practical  military  operations,  although  conducted  by  a  pro- 
fessedly unmilitary  people,  the  genius  of  whose  country  was 
opposed  to  large  standing  armies  and  navies.  Xow  that  our  coun- 
try is  reunited,  with  ail  her  people  working  together  for  the  com- 
mon weal,  and  keeping  abreast  of  the  world  in  progress  and  im- 
provements in  all  peaceful  arts  and  industries,  in  turning  our  eyes 
to  the  east,  we  cannot  help  observing  the  unusual  activity  among 
the  great  naval  powers  of  Europe  in  constructing  the  most  power- 
ful engines  of  destruction.  We  see  iron-clads,  torpedoes,  and  great 
guns  with  capacities  to  hurl  tons  of  metal  through  the  air,  with 
ranges  and  penetrative  power  before  supposed  to  be  impossible. 
Does  it  not  behoove  us,  under  these  circumstances,  to  look  to  our 
own  defenses,  as  these  great  iron  and  steel-clad  monsters  may  at 
any  time  be  turned  against  us;  and  whereas  it  is  opposed  to  the 
established  principles  on  which  our  great  civil  republic  is  founded 
to  keep  up  large  standing  armies  and  navies,  it  is  of  vital  import- 
ance that  we  should  provide  ourselves  with  all  the  most  improved 
engines  of  war,  and  do  what  we  can  to  foster  and  build  up  the 
necessary  engineering  establishments  for  their  production.  This 
question  has  to  be  met  technically  by  the  mechanical  engineer, 
and  I  have  thought  it  would  be  a  suitable  subject  to  be  discussed 
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by  this  society,  and  especially  appropriate  at  the  present  meeting 
in  the  capital  of  the  country. 

A  great  many  opinions  have  been  advanced  of  recent  years,  in 
view  of  the  rapid  improvements  made  in  the  power  of  guns  and 
the  effectiveness  of  torpedoes,  as  to  the  kind  of  vessel  to  be  built 
for  the  navy.  Now,  it  would  occupy  too  much  time  to  discuss 
this  question  in  all  its  bearings,  and  besides,  it  has  been  done  over 
and  ovrer  again  by  much  abler  heads  than  mine,  and  my  object  is 
simply  to  bring  the  subject  before  the  society  so  as  to  invite  dis- 
cussion on  it,  believing  it  to  be  one  that  comes  peculiarly  within 
the  province  of  its  discussions.  AH  the  modern  instruments  of 
war  are  of  a  mechanical  nature,  and  present  some  of  the  most  diffi- 
cult problems  in  mechanics,  metallurgy,  hydraulics,  chemistry,  and 
pneumatics  to  be  solved  by  those  who  would  be  successful  in 
grasping  this  subject  in  all  its  details.  Take  a  modern  Moncrieff 
mounted  gun,  for  instance,  with  its  various  mechanical  appliances. 
There-must  be,  first,  the  machines  to  construct  the  gun  and  carriage 
and  manipulate  the  parts;  then  the  several  devices  for  lifting  and 
loading  the  projectile,  to  elevate  and  depress  the  gun  ;  to  trail  or 
submerge  it  altogether ;  to  take  up  the  recoil  after  the  fire ;  bring- 
ing in  play  all  the  mechanical  powers  and  the  application  of 
hydraulics  and  pneumatics;  and  the  same  can  be  said,  on  a  still 
larger  scale,  of  the  great  engine  of  war  called  an  "iron-clad"  or  a 
"  torpedo-boat,"  brimful  of  mechanical  devices. 

But  to  come  to  the  question,  What  are  the  present  needs  of  our 
navy  ?  As  the  nations  across  the  water  have  a  greater  stimulus 
than  we  on  this  side  to  provide  themselves  with  the  most  pow- 
eiful  naval  appliances,  let  us  watch  them  and  keep  pace  with 
them,  at  least  to  the  extent  of  having  some  examples  of  every 
variety  of  war  vessel,  gun,  or  torpedo,  but  let  us  produce  them 
ourselves,  and  improve  on  them  if  possible,  and  there  is  ample 
engineering  skill  and  ability  in  this  country  to  accomplish  it,  if 
given  the  opportunity.  It  has  been  said  in  Congress  that  it  was 
useless  to  appropriate  money  to  build  vessels,  when  more  and  more 
powerful  guns  were  being  invented,  capable  of  penetrating  the 
heaviest  iron-clads  that  could  float.  In  answer  to  this,  could  not 
cannon-balls,  always  penetrate  wooden  war-ships,  where  the  splin- 
ters ensuing  would  do  more  damage  than  the  missile  itself?  Ships 
were  never  invulnerable  to  shot,  but,  like  a  soldier  in  the  field, 
must  take  their  chances. 

What  we  seem   to  need  in  the  way  of  a  navy  in  peace  times  is 
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one  or  two  of  each  established  type  of  vessel  and  gun,  to  act  as  a 
nucleus — in  addition  some  of  these  should  be  constantly  under  con- 
struction at  private  works,  in  order  to  stimulate  this  line  of  engi- 
neering, and  enable  us  to  be  prepared  not  only  to  build  for  our- 
selves, but,  some  fine  day,  when  the  tariff  is  removed  from  iron  and 
steel,  to  take  the  place  of  our  old  mother  England,  and  build  ves- 
sels for  our  South  American  neighbors ;  yes,  and  even  for  England. 
The  so-called  new  navy  seems  to  be  starting  right.  We  want, 
first  of  all,  fast  cruisers  or  commerce-destroyers,  which  will  have 
the  heels  to  run  away  from  iron-clads.  Some  of  this  class  of  vessel 
have  been  recently  constructed.  Even  the  much-abnsed  Dolphin 
seems  to  be  a  tolerable  success,  and,  considering  the  bad  name  she 
has  been  given,  one  is  quite  surprised  to  see  such  a  fine-looking 
vessel,  and  formidable,  although  only  intended  for  a  dispatch-boat. 
The  Atlanta  is  quite  up  to  the  type  she  represents  on  the  other 
side.  By  the  way,  as  we  are  always  comparing  the  speeds  of  our 
vessels  with  the  English,  we  should  have  a  measured  mile  and  try 
our  vessels  over  this,  just  as  the  English  do,  in  order  to  make  the 
comparison  fair.  Of  course,  we  know  this  forced  trial,  under  the 
best  and  most  favorable  circumstances,  is  two  to  three  knots  better 
than  the  vessel  will  do  on  an  average  at  sea.  Still,  it  is  a  standard, 
and  when  we  know  what  a  vessel  will  do  at  her  best,  it  is  easy  to 
compute  what  allowances  are  to  be  made  for  less  favorable  condi- 
tions. The  other  cruisers  recently  contracted  for  by  Mr.  Whitney 
appear  to  be  pretty  close  copies  of  the  Namiva  Kan  and  her  class, 
built  by  the  English,  representing  the  most  successful  specimen  of 
this  type  of  vessel,  which  is  also  in  the  right  direction.  The 
smaller  light-draught  gunboats  also  seem  to  meet  our  needs.  But 
while  this  commencement  is  all  right,  we  are  losing  time  in  not 
having  under  way  several,  say  at  least  three,  of  the  most  powerful 
steel-armored  vessels  for  the  defense  of  our  coast  from  the  attack 
of  foreign  iron-clads.  These  vessels  take  many  years  to  build,  and 
until  we  have  them,  our  coast  and  valuable  harbors  may  be  said  to 
be  defenseless.  These  vessels  should  be  quite  equal  to  the  Italia 
and  Zepanto,  of  14,000  tons,  or  the  English  Trafalgar.  Great 
attention  should  also  be  paid  to  torpedo-boats  and  torpedo-boat 
destroyers.  The  power  of  the  heaviest  gun  carried  in  war-ships  is 
unquestionably  greater  in  comparison  with  the  strongest  armor  in 
use  for  resistance  than  ever  before,  if  we  are  to  accept  the  experi- 
ments at  Shoeburyness  and  other  places,  where  all  the  advantage 
is  on  the  side  of  the  gun  ;  but  it  is  well  known  that  fighting  guns 
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at  sea  against  a  moving  enemy  is  very  different  from  target  prac- 
tice. Speaking  of  target  practice,  I  should  like  to  see  experiments 
instituted  with  a  view  to  ascertaining  the  effect  of  firing  at  shields 
inclined  at  different  angles.  From  my  observation  in  the  Merri- 
mac-Monitor  fight,  I  am  convinced  that  the  inclination  of  the 
resisting  armor  will  greatly  diminish  the  effect  of  the  shot.  On 
the  Merrimac  we  had  only  4"  of  armor,  yet  the  eleven-inch  shot 
from  the  Monitor  all  glanced,  with  one  exception,  and  this  shot 
struck  us,  point-blank,  between  wind  and  water,  right  on  the 
knuckle,  where  for  a  short  distance  the  shield  was  vertical,  and 
this  shot,  although  it  did  not  get  through  into  the  vessel,  broke  the 
iron,  and  sent  off  large  splinters  from  the  wood  backing,  and 
forced  down  one  of  the  deck  carlines  into  the  engine-room.  It  is 
very  desirable  to  know  whelher  all  iron-clads  should  not  have  inclined 
shields,  and  if  so,  what  is  the  best  angle  to  give  them.  To  me  it 
looks  as  if  the  inclined  sided  shield  or  citadel,  with  a  submerged 
barbette  battery,  will  prove  to  be  the  outcome  of  all  the  present 
experiments  as  the  best  and  most  effective  type  of  iron-clad.  The 
English  iron-clad  Ben  Bow  is  a  near  approach  to  this  type.  In 
addition  to  the  several  classes  of  vessels  before  mentioned,  I  should 
think  it  would  be  advisable  to  have  some  armored  vessels  without 
batteries,  constructed  with  a  special  view  to  ramming  and  discharg- 
ing torpedoes.  These  vessels  would  be  most  effective  for  harbor 
defense  against  iron-clads  or  other  vessels  attempting  to  force  their 
way  in  our  harbors. 

My  own  practical  experience  in  these  matters  goes  back  twenty 
odd  years  ago,  and  as  from  my  constant  business  occupation  in 
other  channels  since  that  period  I  have  not  had  time  to  keep  as 
fully  posted  as  I  wrould  have  liked  in  these  matters,  I  therefore  feel 
somewhat  diffident  in  venturing  these  remarks,  but  I  have  purposely 
dealt  only  with  generalities,  and  tried  to  avoid  questions  which  are 
in  dispute.  But  we  are  all  interested  in  building  up  the  navy 
of  this  country,  and  in  doing  it  with  our  own  people.  If  these 
remarks  shall  have  the  effect  of  arousing  some  further  interest  in 
the  subject  among  our  members,  I  will  feel  as  if  something  had 
been  accomplished. 

DISCUSSION. 

Mr.  Thos.  8.  Crane. — Will  Mr.  Ramsay  kindly  tell  us  if  the 
shield  of  the  Merrim.ac  was  of  railroad  iron,  as  I  have  been  in- 
formed ? 


578  WHAT  ARE  THE  NEED3  OF  OUR  NAVY? 

Mr.  Ramsay. — No,  sir  ;  plate  iron. 

Mr.  Crane. — Plates  fastened  on  to  an  iron  or  wooden  frame  ? 

Mr.  Ramsay. — Fastened  on  to  a  wooden  backing.  The  timbers 
were  twelve  inches  square.  They  were  inclined  from  the  extreme 
beam  of  the  vessel  at  an  angle  of  tliirty  degrees  and  these  timbers 
were  laid  in  a  transverse  direction  on  that  angle.  Then  there  were 
oak  planks  which  were  three  to  four  inches  thick  at  right  angles  to 
the  direction  of  the  square  timbers,  and  then  the  iron  was  placed 
at  right  angles  to  the  direction  of  the  oak  planking,  and  the  whole 
was  bolted  through  and  through.  Oak  plank  and  southern  pine 
were  used. 

Mr.  Crane. — Did  the  glancing  shot  have  the  effect  of  tearing  off 
any  of  these  planks  ' 

Mr.  Ramsay. — No,  sir  ;  one  of  the  shots  which  struck  the  vessel 
on  an  angle  broke  through  the  plates.  The  plates,  I  must  tell  you, 
were  made  of  different  thicknesses.  We  could  not  get  them  all 
of  one  thickness  ;  but  in  some  places  there  were  four  plates  each 
an  inch  thick  ;  in  other  places  there  were  two  sets  of  plates  each 
two  inches  thick. 

Mr.  E.  P.  /Sftratam.— I  would  say  for  the  information  of  the  gentle- 
man who  preceded  me  that  the  projectile  which  made  such  destruc- 
tion in  the  case  of  the Merrimac  was  a  shell,  not  a  solid  shot,  and  at  the 
present  time  we  have  guns  which  shoot  with  over  twice  the  velocity 
and  fully  three  times  the  penetrative  force  of  the  guns  which  we 
had  at  that  date,  1861.  Under  these  circumstances  the  penetrative 
power  of  guns  seems  to  have  surpassed  the  wielding  power  of  ship? 
to  carry  sufficient  thickness  of  armor  to  resist  the  penetrative  power 
of  the  largest  cannon.  If  there  are  any  doubts  in  this  matter  at  the 
present  time  it  certainly  seems  to  be  on  the  side  of  the  guns. 

Mr.  Ramsay. — I  am  aware  of  that ;  but  the  suggestion  which  I 
make,  it  seems  to  me,  holds  just  as  well  with  shot  as  with  shell. 
Only  shells  were  used  in  that  action. 

Mr.  Wm.  Kent. — It  seems  to  be  the  tendency  of  the  times  on 
the  other  side  of  the  ocean,  if  not  on  this,  to  seek  for  three  things 
in  combination  in  a  war  vessel — first,  the  most  powerful  gun  that 
can  be  made ;  second,  the  most  impenetrable  armor — so  impen- 
etrable that  the  most  powerful  gun  cannot  pierce  it  ;  and  third,  the 
highest  speed.  Now,  I  think  that  in  the  present  stage  of  engineer- 
ing it  is  almost  impossible  to  produce  a  vessel  having  that  combina- 
tion. I  will  not  say  that  it  is  impossible,  but  to  produce  a  vessel 
to-day  which  should  carry  an  armament  of  the  most  powerful  guns 
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in  existence,  should  have  the  most  impenetrable  armor  in  existence, 
and  should  be  of  higher  speed  than  any  English  vessel  afloat,  would 
cost  not  less  than  five  millions  of  dollars  ;  and  then  that  vessel,  if 
so  built,  would  probably  have  too  great  draught  to  enter  any  of  our 
harbors.  Therefore,  I  think  the  solution  of  this  problem  is  to 
abandon  the  attempt  to  combine  all  those  elements  in  one  vessel. 
Mr.  Ramsay,  I  think,  has  very  well  brought  out  the  idea  of  divid- 
ing those  elements — having  commerce  destroyers  as  one  class  of 
vessel,  and  heavily  armored  vessels  for  ramming  as  another.  The 
defense  of  the  Port  of  New  York  should  be  first  considered.  There 
is  a  larger  amount  of  property  to  be  laid  under  contribution  there 
than  in  any  other  spot  on  this  continent.  To  Xew  York  the  im- 
mediate danger  is  that  some  long  range  gun  may  be  stationed  at 
some  point  where  we  cannot  drive  her  away,  and  lay  Xew  York 
under  contribution.  It  seems  to  me  that  the  most  practical  way  to 
proceed  would  be  to  build  a  vessel,  leaving  out  one  of  those  three 
elements — say  leave  out  speed.  It  is  the  immense  weight  of  engine 
and  boiler  and  coal  that  adds  to  the  draught  of  the  large  vessels 
at  the  present  time,  and  if  we  sacrifice  the  speed,  having  it  say  five 
miles  an  hour,  and  build  a  floating  fort  that  should  have  the  largest 
guns  and  the  most  impenetrable  armor,  but  not  much  speed,  it 
could  float  around  in  the  shallow  water  near  Sandy  Hook,  and  no 
vessel  belonging  to  an  enemy  would  dare  approach  it  for  fear  of  its 
guns.  None  of  their  guns  at  far  range  could  penetrate  its  armor. 
The  other  vessels,  of  course,  would  be  the  light  cruisers — commerce 
destroyers,  which  would  have  a  different  task.  It  would  be  their 
business  to  run  away  when  they  came  near  a  big  iron-clad,  but  the 
others  could  stay  anchored  like  a  fort,  except  that  they  could  float 
around  and  change  their  place.  A  fort  which  could  change  its  loca- 
tion around  a  harbor  is  the  idea.  I  think  such  an  idea  was  in  the 
mind  of  Edwin  A.  Stevens  some  thirty  years  ago  when  he  designed 
the  Stevens  Battery. 

Mr.  E.  P.  Stratton. — There  is  one  statement  I  desire  to  make  re- 
garding the  "  needs  of  our  navy."  The  nation  to  which  we  have  to 
look  most  to  as  a  probable  adversary  is  Great  Britain.  In  the 
event  of  war  with  her,  or,  in  fact,  with  any  of  the  first-class  powers 
of  the  earth,  the  United  States  would  require  as  a  prime  necessity 
a  full  fleet  of  fast  cruisers,  to  prey  upon  the  commerce  of  our  ad- 
versary. England  to-day  controls  over  one-half  of  the  carrying 
trade  of  the  world,  and  she  is  vulnerable  to  a  first-class  power  hav- 
ing a  navy,  to  the  extent  of  her  commerce  at  least.     A  fleet  of  fast 
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cruising  naval  vessels,  in  the  event  of  war  with  Great  Britain, 
would  soon  accomplish  results,  to  which  none  other  of  the  great 
powers  of  Europe  are  liable.  England  and  Ireland  have  increased 
so  rapidly  in  population  that  for  a  number  of  years  these  islands 
have  not  produced  sufficient  food  to  feed  their  people,  and  their 
support  is  only  maintained  by  a  close  commercial  intercourse  with 
other  nations.  Hence,  with  a  powerful  fleet  of  American  cruisers 
in  time  of  war,  we  could  soon  produce  an  effect  on  the  population 
of  England  and  Ireland  which  would  be  fearful  to  contemplate. 

Mr.  C.  E.  Emery. — An  officer  of  the  navy,  whose  position  pre- 
vents him  from  taking  part  in  the  public  discussion,  suggests  that 
the  key-note  of  the  matter  has  not  yet  been  touched.  It  is  the 
apathy  of  Congress  to  the  necessity  of  improving  our  navy.  We 
all  know  that  the  average  granger  believes  that  there  should  be  no 
navy.  He  would  rather  expend  what  little  money  can  be  obtained 
in  improving  harbors  in  inaccessible  places,  on  public  buildings  in 
his  district,  or  in  encouraging  new  railroads,  or  something  of  that 
kind.  Every  member  of  the  Society  can  aid  in  overcoming  this 
apathy  and  be  a  missionary  of  good  in  explaining  to  his  Congress- 
man the  necessity  of  encouraging  the  officers  of  the  Government 
by  putting  means  at  their  disposal  which  will  enable  them  to  utilize 
the  information  they  have  already  obtained,  and  apply  Yankee 
genius  and  improvements  to  the  advances  made  by  others  at  so 
much  labor  and  expense  abroad  and  thereby  secure  still  better  re- 
sults. 

Mr.  Allan  Stirling. — This  discussion  has,  so  far,  mainly  been 
about  armor — the  best  methods  of  constructing  armor  for  defense. 
Now,  those  who  have  looked  into  this  matter  know  that  the  Eng- 
lish Government  is  doing  a  great  deal  more  than  simply  improving 
their  armor ;  they  are  attending  to  the  construction  of  the  great 
merchant  steamships  which  are  built  in  the  United  Kingdom, 
and  are  having  them  built  on  a  system  which  will  make  them  very 
useful  in  case  of  war.  The  advantage  of  a  fast  unarmored  ship  is 
very  great.  In  the  first  place  it  can  choose  the  vessel  with  which 
it  will  deal.  If  it  should  meet  a  heavy  armored  vessel  it  can 
simply  say,  "  Good  day,  sir  ;  I  don't  care  about  having  anything  to 
do  with  you,''  and  steam  away,  the  armored  vessel  being  unable 
to  run  as  fast  as  this  one.  But  should  it  meet  a  merchantman  or 
a  less  formidable  adversary,  it  at  once  destroys  it  or  brings  it 
into  port.  One  of  the  important  things  for  our  nation  to  do  is 
to  encourage  the  construction  of  very  large  and  very  fast  ocean 
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ships  which  in  case  of  emergency  could  be  used  as  the  English 
Government  is  systematically  intending  to  use  their  merchantmen. 
Mr.  Ramsay* — In  closing  the  debate,  I  have  only  to  answer  the 
gentleman  who  made  the  statement  in  regard  to  shell  being  used 
on  the  Monitor  instead  of  solid  shot.  I  am  aware  that  it  has  been 
so  stated.  Still  it  seems  to  me  that  the  idea  is  pertinent  to 
solid  shot  (as  well  as  to  shell)  to  make  experiments  in  firing  at 
inclined  shields,  instead  of  vertical  shields,  because  if  we 
can  neutralize  to  some  extent  the  effect  of  the  shot  by  inclining 
the  shield,  of  course  we  save  that  much  weight  in  the  vessel.  It 
is  not  necessary  to  have  the  metal  so  thick.  The  observations  made 
by  myself  referred  to  establishing  experiments  where  the  shields 
were  to  be  inclined  instead  of  vertical.  Such  experiments  may 
have  been  instituted,  and  it  may  have  been  apparent  that  they 
would  not  be  as  beneficial  as  I  would  think.  All  experiments  which 
I  have  noticed,  principally  in  England,  were  with  vertical  targets 
instead  of  inclined  ones. 

*  The  discussion  of  this  paper  bore  so  close  a  relation  to  the  matters  touched 
upon  in  the  discussion  which  follows  of  No.  CCLIV.  that  readers  are  also  referred 
to  that  paper,  entitled  "Our  Coast  Defense,  its  Cost  aud  its  Mechanical  Prob- 
lems; "  by  Jos.  Morgan,  Jr. 
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CCLIV. 

OUR  COAST  DEFENSE,  ITS  COST  AND  ITS  MECHAN- 
ICAL PROBLEMS. 

BY  JOSEPH   MORGAN,   JR.,   JOHNSTOWN,  PA. 

(Member  of  the  Society.) 

Much  has  been  said  upon  the  question  of  coast  defense,  and  little 
new  matter  can  be  presented,  but  the  subject  is  of  such  importance 
and  the  engineering  problems  are  so  largely  mechanical  that  they 
are  worthy  the  attention  of  this  Society. 

The  work  to  be  done  may  be  classified  as  follows : 
1st.  Construction   of   foundations   and  other  masonry  and  earth 

works  for  protection  of  guns  and  appurtenances. 
2d.  Armor  protection  for  same. 
3d.  The  structural  metal  and  machinery  for  mounting  and  working 

the  turrets  and  guns. 
4th.  The  construction  of  guns  and  carriages. 
5th.  The  building  of  armor-clad  vessels. 
6th  and  7th.  The  installation  of  submarine  mines. 
8th.  Torpedo-boat  defense. 

This  paper  is  intended  to  open  a  discussion  on  coast  defense 
and  to  call  attention  to  important  facts  which  should  be  familiar  to 
every  one,  or  about  which  there  appears  to  be  misinformation. 
Upon  the  general  subject  there  have  been  many  and  able  official 
reports,  embracing  in  the  list  those  of  the  Chiefs  of  Engineers  and 
Ordnance  of  the  army. 

The  Army  Armament  Board,  December,  1884. 

The  Gun  Foundry  Board,  December,  1884. 

The  Fortification  Board,  January,  1886. 

The  Senate  Committee,  Ordnance  and  War  Ships,  January,  1886. 

The  House  Committee,  Ordnance  and  War  Ships,  March,  1886. 

These  are  all  full  of  interest,  and  are  no  doubt  in  the  hands  of 
many  members  of  the  Society.  There  is  little  difference  in  the 
conclusions  reached.  The  reports  treat  the  various  subjects  in- 
volved in  national  defense  exhaustively,  and  much  of  the  matter 
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of  this  paper  is  taken  from  them,  particularly  from  that  of  the 
Fortification  Board,  with  which  the  writer  is  most  familiar. 

A  very  able  paper  is  that  of  Lieutenant  Griffin,  U.  S.  A.  Engi- 
neer Corps,  in  the  Journal  of  the  Military  Service  Institution  of  the 
United  States,  which  gives  in  tabular  form  the  cost  of  defenses  of 
8  principal  sea-ports,  in  which  ports  there  is  destructible  property 
to  the  value  of  4,500  million  dollars,  and  shows  ';  the  total  cost  of 
adequate  defense  is  about  1.3  per  cent,  on  the  value  of  the  property 
protected."  The  estimate  of  the  Fortification  Board,  page  28  of  re- 
port, for  defenses  for  these  8  ports  is  somewhat  greater,  as  floating 
batteries  were  added  to  the  defense.  This  increased  estimate  is, 
however,  barely  2  per  cent,  of  the  value  of  destructible  property,  or 
about  the  premium  paid  for  ordinary  fire  insurance  on  a  good  risk 
for  a  three  years'  policy. 

The  whole  estimate  of  Fortification  Board  for  twenty-seven  ports 
is  as  follows  : 

Land  Defenses,  Masonry  and  Earth  Works $31,863,000 

Armor 20,300,000 

Structural  Metal 3,320,000 

Armament,         Guns  and  Mortars 28,554,000 

Carriages 9,411,800 

Floating  Batteries  and  Armament 18.875,000 

Submarine  Mines  and  Adjuncts 4,334,000 

Torpedo  Boats 9,720,000 


$126,377,800, 


this  amount  to  be  expended  in  annual  appropriations  of  $11,000,- 
000.  The  total  sum  required  for  defense  to  be  spread  over  a  time 
of  twelve  years  is  less  than  the  payments  made  in  three  years  for 
extravagant  pensions.  For  our  population  of  fifty  millions,  it  is 
less  than  $2.52  per  head.  The  total  cost  is  little  over  twice  the 
estimated  cost  of  coast  defense  to  beat  off  a  navy  in  1810,  when 
the  most  powerful  ship  cost  $550,000.  To-day  the  most  powerful 
war  ships  cost  "  §5,000,000.  Ships  have  increased  in  cost  nine 
fold  and  cost  of  defenses  only  two  to  three-fold." 

The  question — "What  shall  we  do  with  our  surplus?"  should 
be  answered  with  a  little  common  sense.  Have  we  ceased  to  think 
our  national  honor  is  worth  anything  ?  Have  the  people  who  spent 
four  thousand  millions  to  keep  our  country  united  so  far  changed 
that  a  hundred  millions  is  too  high  a  price  to  pay  for  safety  ?  And 
is  not  present  and  future  protection  the  most  important  duty  which 
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the  Government  owes  its  people  ?    Why  should  our  defenses  remain 
obsolete  ? 

Apply  to  this  question  the  judgment  which  a  manufacturing 
concern  applies  to  its  business.  Would  a  management  with  good 
sense  neglect  to  put  in  new  plant  and  allow  its  factories  to  remain 
filled  with  machinery  of  capacity  unequal  to  competition  with  other 
plants  springing  up  around  it  ?  Such  a  concern  would  soon  go  out 
of  business.  We  should  have  defenses  complete,  with  all  prepara- 
tions necessary  to  defend  our  shores  from  any  force,  land  or  naval, 
which  may  be  brought  against  us.  Proper  means  being  provided, 
we  would  be  able  at  short  notice  to  beat  off  an  enemy  with  little 
cost  to  ourselves,  with  great  damage  to  him  and  small  chance  of 
success  on  his  part. 

What  are  these  means?  And  why  must  they  be  provided  in 
advance? 

It  cannot  be  done  after  war  is  declared,  as  it  will  take  years  to 
do.  There  are  dozens  of  great  steamers  in  the  possession  of  Eng- 
land, France,  and  Germany  capacious  enough  to  carry  a  regiment 
each,  and  swift  enough  to  land  a  force  on  our  shores  a  week  after 
a  declaration  of  war. 

The  question  of  a  national  organization  of  militia  with  provision 
for  prompt  mobilization  is,  therefore,  an  important  one. 

It  is  perfectly  feasible  to-day  to  land  a  force  on  our  shores.  It 
would,  however,  be  impossible  to  maintain  such  force  except  in 
close  communication  with  some  convenient  port  occupied  as  a  base 
of  supplies.  To  prevent  such  occupation  and  the  levying  tribute 
upon  our  great  coast  cities  is  the  object  of  our  coast  defense,  or  to 
quote  Bernard  and  Totten's  report,  1826  : 

"  Fortifications  must — 
"  1st.  Close  all  important  harbors  against  an   enemy  and  secure 

them  to  our  military  and  commercial  marine. 
"2d.  Deprive  an  enemy  of  all  strong  positions  where,  protected 

by  naval  superiority,  he  might  fix  permanent  quarters  in  our 

territory,  maintain  himself  during  the  war,  and  keep  the  whole 

frontier  in  perpetual  alarm. 
"  3d.  Cover  the  great  cities  from  attack. 
"4th.  Prevent,  as  far  as  practicable,  the  great  avenues  of  interior 

navigation  from  being  blockaded  at  their  entrance  into  the 

ocean. 
"5th.  Cover  the  coastwise  and  interior  navigation  by  closing  the 

harbors  and  the  several  inlets  from  the  sea  which  intersect 
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the  lines  of  communication  and  thereby  further  aid  the  navy 
in  protecting  the  navigation  of  the  country. 
"  6th.  Protect  the  great  naval  establishments.'1' 

It  is  taken  for  granted  the  proper  line  of  impassable  defense  is 
not  an  off-shore  fleet.  Although  a  naval  officer  is  quoted  as  say- 
ing, "  We  need  no  forts,  but  our  coast  defense  should  be  intrusted 
to  a  navy,"  his  position  is  erroneous.  A  navy  to  protect  our  ex- 
tended shore  of  over  4,000  miles,  and  ready  to  meet  a  squadron 
of  the  enemy  anywhere  on  the  coast,  means  a  powerful  fleet  at 
many  points,  and  involves  an  outlay  immensely  greater  than  coast 
fortifications.  To  meet  a  possibly  superior  naval  force  and  join 
it  in  battle  with  no  alternatives  but  victory  or  destruction  afloat, 
followed  by  surrender  ashore,  is  not  the  task  to  be  given  to  our 
naval  force. 

"  The  navy  should  be  free  to  seek  the  high  seas,"  to  accept  the 
issue  of  battle  when  victory  is  possible,  to  destroy  commerce  of  the 
enemy,  to  harass  the  flanks  of  a  superior  force,  cut  off  its  supplies, 
and,  when  close  pressed,  find,  under  powerful  guns  ashore,  an  effi- 
cient shelter.  It  should  be  a  flying  column,  not  tied  to  a  harbor 
defense  line,  but  free  to  go  even  to  the  enemy's  own  shores  and 
thus  keep  his  fleet  at  home.  It  should  be  powerful  enough,  when 
concentrated,  to  break  up  a  blockade  of  our  important  ports. 

To  permit  this  concentration  of  the  naval  force,  the  defense  of 
any  port  must  be  complete  without  a  navy.  A  navy  may  assist, 
although  it  should  not  be  essential  to  the  defense.  It  can  follow 
up  crippled  vessels,  destroy  them  after  repulse  by  fortifications,  and 
make  defeat  in  attack  a  total  ruin  to  the  enemy. 

The  defense  of  harbor  entrances  by  guns  afloat,  exposed  to 
destruction  from  shot  and  torpedoes,  and  mounted  upon  that  most 
costly,  complicated,  and  delicate  of  gun  carriages,  a  steamship,  is 
an  expedient  only  to  be  adopted  when  other  location  for  the  guns 
is  not  available. 

This  is  not  the  age  of  chivalry,  when  one  offers  an  enemy  equal 
terms  of  battle,  but  the  age  of  science  and  mechanism,  when  results 
are  calculated,  and  we  offer  an  adversary  destruction  if  he  accepts 
battle  on  our  prepared  ground.  The  defense,  therefore,  should  be, 
whrni  practicable,  at  the  harbor  mouth  by  permanent  works.  To 
be  complete  and  impregnable  there  must  be  obstructions  in  the 
channel,  to  prevent  a  run  by,  and  powerful  guns  ashore  to  keep 
the  enemy's  fleet  from  removing  the  obstructions  or  quietly  anchor- 
ing and  bombarding  cities  near  the  shore  without  danger  to  them 
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selves.  There  must  be  obstructions  because  "modern  ships  of  war 
with  high  speed  and  heavy  armor  can  pass  any  shore  battery  if  the 
channel  be  clear."  There  must  be  guns,  otherwise  the  enemy  will 
destroy  the  torpedo  obstructions  by  countermining.  The  guns  must 
be  heavy,  for  while  light  guns  would  prevent  countermining  by 
unarmored  vessels,  the  heavy  armored  vessels  would  proceed  with 
this  work,  unless  prevented  by  armor-piercing  guns  on  shore. 

It  is  a  popular  delusion  that  a  good  torpedo  defense  can  be  made 
by  a  few  old  barrels  filled  with  powder  or  dynamite,  and  anchored 
in  the  channels.  As  a  matter  of  fact,  such  an  improvised  defense 
would  amount  to  very  little.  Efficient  obstruction  requires  careful 
preparation  and  study  of  the  ground.  It  is  not  enough  to  have  a 
single  line  of  mines,  "but  the  whole  area  swept  by  the  guns  of  de- 
fense" must  be  rendered  dangerous.  The  mine  most  used  is  a 
water-tight  spherical  welded  steel  case  containing  about  100  pounds 
of  gun-cotton,  either  sunk  to  bottom  in  shallow  water,  or  anchored 
and  floating  below  surface  in  deep  water.  It  has  an  electric  fuse 
and  is  connected  by  cable  to  the  shore,  and  can  either  be  exploded 
from  shore  at  will  of  operator,  or  be  made  dangerous  at  his  pleasure 
and  exploded  by  the  contact  of  a  vessel.  It  can,  again,  at  any  time  be 
made  non-explosive  by  the  operator  ashore,  who  also  can  determine 
if  its  electric  circuit  is  complete,  or  if  it  is  being  tampered  with. 
This  electric  circuit  can  be  made  to  sound  an  alarm  or  fire  a  gun 
directed  at  the  location  of  the  torpedo  in  case  an  attempt  is  made 
to  fish  it  up  under  cover  of  a  fog  or  darkness.  These  electric 
cables  must  be  carried  ashore,  under  water,  to  prevent  their  being 
cut  off  by  shot,  to  casemates  suitably  secure  provided  for  the 
operator  and  his  electrical  apparatus. 

What  a  good  torpedo  defense  should  be  is  treated  by  General 
Abbott,  an  authority  on  that  subject,  in  the  supplemental  report 
to  Fortification  Board.     He  says  : 

"  For  such  defense  there  must  be  in  hand  before  the  outbreak  of 
war — 

"  1st.  The  mines  and    their  accessories,  cables,  electrical    instru- 
ments, etc. 
"  2d.  Submarine  galleries  and  operating  casemates. 
"3d.  Instructed  corps  of  operators.      Without  them  failure  would 

be  certain. 
"  4th.  Flanking  guns  and  electric  search  lights." 

The  total  sum  to  provide  a^out  5,000  necessary  mines,  50  oper- 
ating casemates,  200  electric  search  lights,  is  estimated  at  about  four 
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million  dollars,  a  very  small  sura.     Congress  has  so  far  provided 
about  1,400  torpedoes  and  very  little  of  the  other  apparatus. 

The  casemates  and  under  water  protected  galleries  for  cables 
require  time  to  build  and  should  be  provided  at  once.  The  whole 
expense  of  complete  apparatus  for  torpedo  protection  of  all  our  im- 
portant harbors  is  smaller  than  the  amount  often  spent  on  a  single 
government  building. 

For  flanking  guns  to  prevent  unarm ored  vessels  and  small  boats 
fishing  up  or  countermining  torpedo  obstruction,  our  present  forts 
with  present  guns  and  a  few  machine  guns  will  answer.  A  fleet 
of  harbor  torpedo  boats  should  also  be  available  to  assist  in  mak- 
ing the  torpedo  defense  dangerous,  should  the  enemy  at  night  or  in 
fogs  attempt  countermining  or  removal  of  torpedoes.  These  boats 
would  also  make  blockades  dangerous,  or  compel  the  enemy's 
squadron  to  haul  off  coast  at  night.  They  may  be — say,  boats  of 
100  feet  length,  speed,  21  knots  per  hour.  There  should  be 
enough  of  them  built  at  once  to  train  our  engine  and  boat-builders, 
to  bring  out  the  special  knowledge  required  and  to  have  the  plans 
and  details  well  developed.  Then,  in  case  of  necessity,  these 
small  engines  could  be  turned  out  in  numbers  from  our  numerous 
shops,  trained  to  do  good  high  speed  engine  work,  and  the  hulls 
could  be  built  anywhere  and  transported  by  rail  or  canals  to  our 
lakes  and  harbors.  The  Fortification  Board  recommended  the 
building  of  about  160  of  these  torpedo  boats,  to  be  distributed  to 
various  ports,  New  York,  San  Francisco,  Boston,  Hampton  Roads, 
New  London,  Portland,  Oregon,  to  have  18  each.  New  Orleans, 
12.  Philadelphia,  Portland,  Maine,  Narragansett  Bay,  Key  "West, 
and  Charleston  6  each,  and  lake  ports  12  torpedo  gun-boats. 

Another  item  in  the  scheme  of  coast  defense  is  floating  batteries, 
for  which  five  ships,  three  at  San  Francisco  and  two  at  Xew 
Orleans,  are  estimated  at  a  cost  of  $19,000,000.  At  San  Francisco 
the  depth  of  entrance  and  strength  of  currents  prevent  the  use  of 
torpedoes.  At  New  Orleans,  near  the  heads  of  passes  where  tor- 
pedoes must  be,  no  foundation  can  be  had  for  heavy  gun  protection 
on  shore.  The  vessels  designed  for  this  are  superior  in  armor  pro- 
tection and  offensive  power  of  guns  to  any  now  afloat. 

The  report  of  Commander  Sampson,  United  States  Navy,  of 
Fortification  Board,  upon  the  proper  use  of  navy  and  floating  bat- 
teries, is  a  very  interesting  and  able  one.  Of  the  whole  $126,000,- 
000,  however,  estimated  as  necessary  to  defense,  over  $91,000,000 
are  for  forts  and  for  armament  of  heavy  guns.     Torpedoes  alone 
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will  not  suffice,  as  before  shown.  It  is  necessary  there  should  be 
powerful  guns  properly  mounted  and  properly  protected.  Sir 
Andrew  Clarke,  Inspector  General  of  Fortifications  of  Great  Britain, 
defines  coast  defense  as  "  the  science  of  mounting  heavy  guns  to 
best  advantage."  And,  notwithstanding  the  use  of  torpedoes,  it  is 
still  so.  In  the  estimate  of  the  Fortification  Board  of  a  total  of 
$94,000,000  for  forts,  etc.,  $32,000,000  were  for  masonry  and  earth 
works,  $23,000,000  for  armor  and  metallic  structures,  $29,000,000 
for  guns,  $10,000,000  for  gun  carriages.  Another  popular  delusion 
is  that,  if  we  only  had  the  guns,  we  could  improvise  earth  work 
cover  in  a  few  days,  and  send  the  guns  when  needed  to  be  mounted 
forthwith,  or  perhaps  fired  from  the  shoulder  like  muskets. 

The  question  of  how  much  cover  is  necessary  comes  in  here. 

The  penetration  of  largest  guns  on  shipboard  in  1860  was  less 
than  4"  of  iron  and  less  than  3  feet  of  granite.  It  is  to-day  30"  of 
iron,  10  to  20  feet  of  granite,  and  75  feet  of  earth. 

The  Board  of  Engineers  for  fortifications  says  of  late  designs : 
"  In  designing  a  battery  to  resist  a  naval  attack  at  one  mile,  it  has 
been  assumed  that  the  heaviest  shot  at  close  range  may  be  stopped 
by  a  bank  of  compact  sand  70  feet  thick ;  that  rubble  masonry 
will  offer  three  times  and  concrete  twice  the  resistance  of  sand. 

"  The  parapet  of  the  proposed  battery  consists  of  a  wall  of  con- 
crete 5  feet  thick ;  a  mass  of  stone  imbedded  in  concrete  12  feet 
thick  ;  and  27  feet  of  sand  ;  equivalent,  according  to  the  above  esti- 
mate, of  73  feet  of  sand.  The  traverses  are  30  feet  thick  at  top 
and  rise  10  feet  above  the  crest  of  the  parapet,  and  but  one  gun  is 
mounted  between  two  adjacent  traverses. 

"  The  service  magazine  is  placed  under  the  traverses,  and  when 
circumstances  will  permit,  is  sunk  to  such  a  depth  that  a  shot  must 
pass  through  at  least  70  feet  of  sand  before  reaching  it.  "When 
this  depth  cannot  be  attained,  the  requisite  protection  must  be 
supplied  by  rubble  masonry."  This  gives  a  measure  of  the  amount 
of  work  to  be  done  on  a  seacoast  battery. 

The  use  of  rapid  firing  guns  has  increased  the  necessity  of  thor- 
oughly covering  the  gun  detachments,  while  the  increase  of  pene- 
tration has  added  largely  to  thickness  of  work  necessary  to  cover 
guns  and  magazines.  Embrasures  in  masonry  or  earth  work  no 
longer  afford  much  protection  without  greatly  limiting  the  angle 
of  fire.  Guns  must  either  be  mounted  in  barbette  on  disappearing 
carriages  or  in  armor-clad  casemates  or  turrets.  A  high  military 
officer  is  quoted  as  saying,  "We  need  no  forts,  but  the  guns  can 
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be  mounted  in  holes  in  the  ground  on  disappearing  carriages." 
He  is  probably  not  correctly  quoted,  for  while  mounting  upon 
disappearing  carriages  of  guns  in  elevated  position  will  no  doubt 
be  largely  adopted  as  recommended  by  the  Fortification  Board,  for 
guns  of  12"  caliber  and  under  there  are  many  positions  so  low 
down  and  close  to  the  channel  that  some  armor-clad  protection  for 
guns  used  there  is  absolutely  necessary.  The  few  guns  of  16"  cali- 
ber will  be  such  an  expensive  part  of  the  artillery  defense,  their 
manipulation  will  be  so  slow  and  require  so  much  important  ma- 
chinery, which  must  be  fully  protected,  that  a  revolving  turret 
clad  with  armor  seems  the  only  expedient  applicable  for  their 
c'over. 

The  great  increase  of  weight  of  guns  from  old  smooth-bores  of 
10"  caliber,  of  7  tons  weight,  with  2,600  foot-tons  energy,  and 
15"  caliber,  of  20  tons  weight,  with  9,000  foot-tons  energy,  to 
12",  50  tons  weight,  24,000  foot-tons  energy,  and  16",  115  tons 
weight,  54,000  foot-tons  energy,  makes  other  changes  necessary. 
The  mass  of  masonry  required  to  take  the  strain  of  recoil  is 
greatly  increased ;  hand  power  is  no  longer  applicable  to  hand- 
ling of  guns  and  ammunition,  but  steam  power  applied  to  shafting, 
to  hydraulic  or  to  pneumatic  machinery  is  necessary  for  working 
guns.  Guns  of  10  or  12-inch  caliber,  with  pivot  fastening,  covering 
for  the  boilers,  machinery,  magazines,  gunners,  and  relief  detach- 
ments, require  much  preparation  of  masonry  and  earth  work,  even 
when  mounted  in  barbette  on  disappearing  carriages. 

As  an  example,  each  10"  gun  in  barbette  is  estimated  to  require 
2,300  cubic  yards  of  concrete  masonry  and  about  2,400  cubic  yards 
of  earth  work,  and  the  expenditure  of  about  $13,000  to  pre- 
pare to  receive  each  gun  carriage  and  gun.  Again,  to  mount  four 
16"  guns  in  two  revolving  turrets  is  estimated  to  require  about 
34,000  cubic  yards  of  concrete  and  rubble  work,  and  about  4,900 
cubic  yards  of  dressed  granite  work,  or  a  structure  of  masonry 
about  10  yards  deep,  90  yards  long,  50  yards  wide.  To  lay  such  a 
mass  of  masonry  and  give  the  concrete  time  to  harden  properly, 
will  require  several  years,  and  is  estimated  to  cost  $400,000. 
The  selection  and  acquisition  of  sites  for  batteries  in  the  neighbor- 
hood of  large  towns  without  paying  exorbitant  prices  for  land 
require  time  and  care.  Sites  selected  for  military  reasons  may  not 
be  readily  accessible  by  rail  or  water  transport,  and  the  getting 
together  of  necessary  material  and  mounting  guns  of  25  to  35  tons' 
weight  requires  weeks. 
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Xor  are  we  prepared  with  either  guns  or  armor  protection  for 
casemates  and  turrets.  The  estimate  of  the  Fortification  Board 
includes  guns  and  armor,  as  follows: 


44  16" 

Guns 

110  Tons 

=     4,840 

6  14" 

a 

80     " 

=       480 

203  12" 

a 

50     " 

=  10,150 

222  10" 

u 

27     " 

=     5,994 

102     8" 

a 

13     " 

=      1,326 

22,790  Tons  guns. 

700  12"  Mortars )     -  ,  , 

_.  „„„  f  oi  cast-iron  hooped. 

24  10"        "       )  * 

68,000  tons  of  armor. 
12,000     "      "  substructure. 
44  Guns  or  all  the  16"  are  to  be  in  turret. 
80  Guns  of  12"  and  10"  are  to  be  in  casemates. 
These  124  are  to  be  protected  by  armor. 
54  Guns  12"  to  be  mounted  on  lifts. 
394  Guns  12",  10"  and  in  barbette  on  disappearing  or  non- 
disappearing  carriages. 

The  rifled  mortars  of  10"  and  12"  caliber  are  a  very  important 
and  efficient  part  of  the  artillery  defense,  although  least  costly  and 
requiring  no  protection  but  a  sunken  pit  in  the  ground.  These 
pieces  are  of  modern  development;  they  throw  large  shells  with 
heavy  bursting  charges,  which,  failing  vertically,  can  pierce  the 
decks  of  ships  of  war  and  will  have  a  most  damaging  effect.  Ex- 
periments have  shown  them  capable  of  such  accuracy  of  lire,  that 
at  two  miles  it  is  possible  to  drop  50  per  cent,  of  shells  fired  inside 
the  horizontal  area  of  a  large  ship.  Their  position  will  be  entirely 
invisible  from  off-shore,  and  no  effective  reply  can  be  made  to  their 
fire.  "With  a  number  of  such  pieces  commanding  an  anchorage,  a 
hostile  fleet  will  be  slow  to  anchor  or  take  position  for  bombard- 
ment. These  pieces  can  be  cheaply  made  of  cast-iron  hooped  with 
steel,  although  it  is  likely  steel  forgings  will  also  be  used. 

Of  the  various  details  of  defense  none  have  been  the  cause  of  so 
much  debate  as  the  construction  of  the  guns  and  the  material  of 
which  they  shall  be  made.  The  Congress  committee  man  has  the 
lobbyist  always  with  him,  and  the  steel  casting  Hodman  advocates, 
the  cast-iron  gun  contractors,  the  patent-gun  inventors,  and  other 
interested  parties  have  been  sufficiently   numerous  and  active  to 
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counteract  the  wisest  counsels  of  our  ordnance  officers,  so  that  to- 
day all  work  upon  army  ordnance  is  at  a  stand-still. 

There  are  symptoms,  however,  that  the  cast-iron  men  are  getting 
tired,  and  we  shall  hereafter  hear  little  of  the  possibility  of  making 
a  large,  high-powered  rifle  gun  of  cast-iron.  The  great  12"  cast- 
iron  rifle  at  Sandy  Hook  is  practically  hors  de  combat,  from  erosion 
of  the  barrel,  although  only  about  one  hundred  and  forty  rounds 
have  been  fired  from  it.  With  54  tons'  weight,  it  has  only  the 
same  muzzle  energy  as  a  1(H"  steel  gun  of  32  tons'  weight. 

The  multicharge  gun  is  an  ingenious  but  now  useless  device.  It 
is  construetionally  bad,  and  a  modern  rifle  gun,  with  progressive 
powder,  is  practically  a  gun  with  a  great  number  of  charges  ex- 
ploding in  rapid  succession.  The  Haskell  6"  multicharge  gun  had 
a  weight  of  25  tons  for  an  energy  of  2,885  foot-tons.  The  army 
10"  steel  gun,  with  a  weight  of  27  tons,  has  an  energy  of  13,642 
foot-tons.  The  advocates  of  gun  steel  cast  and  annealed,  not 
forged,  or  guns  cast  in  steel  of  one  piece,  not  built  up,  but  treated 
by  internal  cooling,  on  the  Rodman  principle,  are  yet  to  be  dis- 
posed of. 

If  guns  or  gun  steel  can  be  made  equal  to  the  present  specifica- 
tion by  casting,  let  them  be  accepted,  but  the  standard  must  not  be 
lowered  to  reach  material  of  a  lower  grade.  Nor  can  casting 
makers  ask  the  Government  to  demand  higher  qualities  for  forging 
than  for  casting. 

No  American  engineers  can  put  themselves  on  record  as  asking 
for  material  of  low  ductility  to  be  put  in  guns.  The  engineering 
work  of  this  country  has  never  been  done  on  a  lower  standard  of 
excellence  than  that  of  English,  French,  or  German  engineers. 
The  makers  of  steel  castings  have,  so  far,  failed  to  make  the  quality 
of  steel  found  in  forgings,  and  the  task  is,  apparently,  hopeless. 

The  beneficial  effect  of  mechanical  work  upon  a  cast-steel  ingot, 
in  making  it  higher  in  elastic  limit,  higher  in  ultimate  strength, 
and  much  more  ductile,  cannot  be  denied.  This  improvement  in 
quality  has  not  yet  been  obtained  with  certainty  in  any  other  way 
than  by  forging.  Of  a  dozen  of  steel-casting  makers  doing  a  com- 
mercial business  in  this  country  to-day,  I  do  not  believe  one  will 
undertake  to  produce  a  6"  gun  tube,  unforged,  of  quality  equal  to 
United  States  ordnance  specification.  They  will  say  the  ductility 
and  elongation  asked  for  are  not  necessary  in  gun  material.  If  this 
be  so,  then  raise  the  powder  pressure  and  the  elastic  limit,  and  so 
increase  the  efficiency  of  a  given  weight  of  gun  and  projectile. 
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There  is  no  place  for  inferior  metal  in  gun  construction.  The  best 
that  can  be  had  is  alwa}rs  the  cheapest.  The  steel  castings  gentle- 
men say  they  can  make  guns  much  cheaper  by  casting  than  by 
forging.  This  is  important,  if  true.  It  will  hereafter  be  shown  in 
this  country,  as  has  already  been  proved  abroad,  that  the  cheapest 
way  to  produce  gun  material  is  to  forge  from  an  ingot  of  the  sim- 
plest possible  shape.  Meanwhile,  the  armament  of  this  country  is 
delayed,  while  steel  casting  enthusiasts  search  for  a  cheap  way  over 
ground  where  "No  thoroughfare "  has  already  been  written. 

"Whit worth's  hjTdraulic  forging  had  its  origin  in  a  signal  failure 
to  produce  castings  equal  to  forgings.  He  spent  £'40,000  in  the 
endeavor  to  make  good  steel  castings,  and  only  retrieved  his  for- 
tunes by  the  grand  success  of  the  hydraulic  forge. 

His  establishment  has  also  been  through  the  experiment  of  cast- 
ing ingots  with  a  central  core,  and  abandoned  the  method,  as  it 
was  found  cheaper  to  bore  out  a  hole  than  to  core  it,  and  also  be- 
cause by  boring  a  porous  central  portion  of  inferior  material  is 
taken  out.  The  cored  casting  always  had  an  inferior  part  near  the 
center  of  its  thickness,  and  this  is  the  trouble  with  all  attempts  to 
cast  guns  hollow.  It  was  so  with  Rodman  heavy  gun  castings  of  iron. 

The  very  intelligent  and  persistent  efforts  made  at  Terre  Noire 
to  produce  castings  for  gun  material  have  not  made  headway  in 
competition  with  forges.  Nor  do  I  see  how  they  can.  Gun  hoops, 
for  instance,  are  made  at  Terre  Noire  from  a  large,  solid  ingot. 
The  top  is  cut  off  as  a  waster,  and  the  center  is  bored  out.  The 
hoops  so  made  cost  more  in  waste  material  than  all  the  labor  of 
forging. 

The  whole  cost  of  forging  labor  on  a  large  gun,  with  good  plant, 
can  be  made  less  than  the  cost  of  special  molds  and  preparations 
to  cast  guns  into  shape.  The  advocates  of  cheap  and  nasty  casting 
methods  are  deceived  by  the  apparent  ease  of  making  castings,  and 
overestimate  the  cost  of  forging,  which,  of  itself,  is  a  small  frac- 
tion of  the  cost  of  production  of  gun  material. 

Referring  to  remarks  of  Mr.  Davenport,  of  Midvale  "Works,  in 
the  Naval  Institute  discussion,  we  find  that  some  causes  of  the 
high  cost  of  forged  gun  steel  not  generally  known  are : 

1st.  Sink  head  scrap. 

2d.  Machine  work  and  tool  chip  loss. 

3d.  Oil  tempering  cost. 

4th.  Extra  length  of  forgings  for  tests,  and  cost  of  preparing  these 
tests. 
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5th.  Rejection  of  submitted  material. 

In  making  gun  steel  by  casting  alone,  none  of  these  elements  of 
cost  can  be  avoided.  In  fact,  in  casting  methods  the  primary  losses 
from  the  first  and  second  causes  will  be  greater  on  castings,  and 
the  certain  increase  of  rejections  again  will  carry  with  it  an  in- 
crease on  every  other  element  of  cost  in  production. 

A  forge  will  also  have  one  very  decided  advantage  over  any 
casting  plant  which  attempts  to  make  guns  in  one  casting.  The 
largest  ingot  required  to  make  a  12"  built-up  gun  by  forging  will 
be  of  about  40  tons  weight.  The  12"  gun,  being  of  50  tons'  weight 
when  complete,  will  require,  if  made  in  one  casting,  an  ingot  of 
80  tons'  weight,  and  apparatus  very  heavy  and  large  to  handle  it. 
If  such  a  piece  is  rejected,  it  will  be  worth  less  than  pig-iron  for 
remelting;  but  in  a  forge  rejected  pieces  and  sink  heads  can  be 
worked  down  to  small  size  for  commercial  uses,  and,  from  the  ex- 
cellence of  the  stock  and  its  thorough  working,  will  bring  the 
highest  market  prices.  There  should  be  very  good  profit  for  a 
forge  in  this  item  alone.  Another  great  objection  to  a  method 
that  requires  enlargement  of  ingots  is  the  fact  that  the  larger  the 
ingot  the  greater  the  tendency  of  the  iron  and  other  elements  to 
separate  partially,  and  the  difference  in  analysis  between  top  and 
bottom  and  outside  and  inside  is  greater,  and  the  variation  in  quality 
of  steel  is  greater  as  the  size  of  the  ingot  increases.  The  irregularity 
of  quality  will  be  much  greater  than  should  be  found  in  good  forg- 
ing from  the  small  ingots.  Mr.  Metcalf,  in  his  very  interesting 
paper  lately  read  before  the  Society  of  Civil  Engineers,  calls  atten- 
tion to  this,  although  in  the  same  paper  he  advocates  a  method  of 
manufacture  leading  to  the  bad  results  he  deprecates. 

The  question  whether  we  should  forge  or  cast  gun  material  can 
be  left  to  the  commercial  test  of  cost  of  manufacture,  with  every 
chance  that  the  forge  will  live  and  grow  fat,  whilst  the  foundry 
will  die  of  starvation. 

Bridge  makers  may  as  reasonably  expect  the  steel  manufacturers 
to  cast  their  steel  compression  members  as  the  ordnance  manufac- 
turers to  get  their  gun  material  by  casting.  The  reasons  for  and 
against  such  practice  hold  with  equal  force  in  both  cases. 

The,  difficulty  of  getting  a  good  quality  of  gun  steel  from  un- 
forged  metal  is  great,  and  increases  with  the  size.  Slow  cooling 
from  a  high  heat  means  coarse  crystallization  and  brittleness. 
This  is  particularly  the  case  when  the  cooling  has  been  from 
melted  metal  and,  in  less  degree,  with  forgings. 
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A  very  fair  example  of  what  may  be  expected  from  castings  is 
found  in  the  Keport  of  Chief  of  Ordnance,  1884,  of  tests  of  a  rial 
cylinder  made  under  the  most  skillful  superintendence,  and  by 
metallurgists  of  acknowledged  ability.  This  cylinder — 24  inches 
in  diameter  and  5  feet  Ions; — was  the  lower  half  of  an  in^ot  of 
17,000  pounds  weight.  A  6-inch  hole  was  bored  in  it,  and  it  was 
then  carefully  annealed,  and,  while  still  hot  in  the  furnace,  was 
cooled  from  the  interior  with  an  air  blast.  It  will  be  sufficient  to 
give  results  of  six  tangential  specimens,  three  top  and  three  bot- 
tom of  cylinder : 

Elastic  Limit.    Ultimate  Strength.    Elongation.    Red.  Area. 

(Outside 3!>,000  00,880  2  5 

Top -{Middle 43,000  73,120  2  5 

(Inside 48,000  97,440  3.8  11.8 

(Outside 35,000  86,400  14.8  27.6 

Bottom.  ^Middle 35,000  86,000  14  21.4 

(Inside 37,000  88,800  16  21.4 

The  elongation  and  reduction  of  top  specimens  is  exceedingly 
poor,  and  for  55  carbon  steel  the  ultimate  strength  and  elastic  limit 
are  far  below  results  obtained  with  great  certainty  in  good  forg- 
ings.  To  show  this,  of  55  tangential  tests  of  gun  hoops  made  at 
Cambria  Works,  in  which  the  elastic  limit  was  55,000  pounds,  the 
minimum  elongation  and  reduction  in  the  55  tests  was  9.67  and 
14.4,  and  this  in  case  of  a  flaw. 

The  average  elongation  and  reduction  was  13.4  and  29.9. 

The  first  fifteen  tests  on  the  list  are  as  follows : 


Elongation 114.' 


14.4  12.9113/ 


Reduction  of  Area 35.3  28.0  33.7  12.5  3*. 2  314  32.7|42. 8:39.5  39.5J2S. 0:30.4 '30.7  33.7  16 


18.4  13.0112.818.4  18.0  14.0  13.6113.2111 


14.2114.6 


The  others  run  about  the  same. 

The  reason  of  the  inferiority  of  castings  is  that  all  untreated 
ingots  show  a  coarse  crystallization  difficult  to  remove.  It  can  be 
made  fine  mechanically  by  continuous  forging  work  upon  the  metal 
whilst  it  is  cooling  down  to  the  critical  temperature,  and  consider- 
ably below  it,  or  by  the  other  method  of  allowing  the  steel  to  cool 
to  low  temperature,  then  slowly  to  heat  it  up  to,  and  not  above  the 
critical  temperature.  At  this  heat,  somewhat  variable  with  the 
character  of  the  steel,  it  becomes,  if  the  metal  is  rapidly  tcooled, 
fine-grained,  tough,  and  ductile.  This  whole  subject  is  very  ably 
treated  by  Mr.  J.  A.  Brinell,  whose  paper  is  translated  in  Ord- 
nance Construction  Notes,  No.  37. 

A  further  treatment  of  the  steel  is  to  anneal  it  at  a  lower  torn- 
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perature  to  relieve  strains  from  sudden  cooling.  The  larger  a  mass 
of  steel  the  greater  the  difficulty  of  cooling  with  sufficient  rapidity 
to  keep  it  from  becoming  coarse-grained  and  weak. 

Assuming  that  a  steel  gun  equal  to  the  present  designs  would  be 
strong  enough  if  it  was  made  in  one  piece,  and  that  we  can  succeed 
in  getting  a  casting  free  from  small  blow  holes  or  large  cavities, 
which  I  admit  is  possible,  we  should  find  a  specimen  cut  out  of  the 
mass  anywhere  to  be  coarse  and  unfit  for  gun  steel.  Therefore, 
the  casting  must  be  heated  and  suddenly  cooled  to  change  the 
structure. 

In  the  16-inch  built-up  gun  the  tube  to  be  tempered  is  about 
7  inches  thick,  but  if  the  gun  were  one  piece,  the  metal  to  be  tem- 
pered is  24  inches  thick,  and,  as  experience  has  shown,  the  result 
with  pieces  6  inches  to  7  inches  thick  is  not  as  good  as  with  pieces 
of  smaller  guns,  and  therefore  thinner  metal ;  the  results  of  temper- 
ing will  be  certainly  very  poor  on  so  great  a  thickness  as  24  inches. 
Admitting  it  were  accomplished,  and  the  steel  gun  was  a  homoge- 
neous mass  of  good  quality,  it  would  be  a  much  weaker  gun  than 
the  built-up  gun.  Mr.  Yirgile,  quoted  in  Ordnance  Construction 
Notes,  No.  10,  gives  resistance  limits  of  the  two  guns,  as  follows : 

Limits  of  internal  pressure  of  steel  gun,  simple.  ..24,179  pouuds  per  square  inch 
Limits  of  internal  pressure  of  steel  gun,  compound. 49, 780  pounds  per  square  inch 

To  remedy  this  difficulty,  the  steel  casting  advocates  the  present 
Rodman  panacea,  and  propose  to  cast  the  gun  with  a  water-cooled 
core,  and  put  the  outer  metal  under  initial  tension.  This,  with  a 
casting  of  150  tons'  weight  varying  say  from  24  inches  thick  to  6 
inches  thick,  with  50  to  60  feet  length,  and  a  corresponding  static 
pressure  of  fluid  metal  upon  the  mold,  is  a  very  interesting  prob- 
lem of  exceeding  difficulty,  and  the  result  depends  largely  upon 
chance.  In  four  attempts  to  make  a  Rodman  cooled  12-inch  rifle 
gun  of  cast-iron,  two  were  failures  from  castings  parting  by  tension 
in  the  mass,  one  was  lost  by  accident  to  the  flask.  This  was,  too,  in 
a  works  where  many  Hodman  guns  had  been  made.  The  records  of 
the  manufacture  of  these  guns  during  the  late  war,  at  a  time  when 
skill  of  manufacture  was  supposed  to  be  good,  show  that  many  guns 
parted  by  internal  strains  either  in  the  pit  or  in  the  lathe.  If  this 
was  so  with  iron,  and  a  shrinkage  of  ^  inch  per  foot,  will  there  be 
any  less  trouble  with  steel  and  shrinkage  ^  inch  per  foot  ?  The 
difficulties  of  the  Rodman  people  do  not  end  in  getting  a  solid 
casting  free   from  blow  holes.     Their  casting  being  unatmealed 
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will  be  coarse-grained  and  weak.  It  must  be  heated  and  annealed, 
and  it  should  be  tempered  and  afterward  annealed.  This,  any 
steel  casting  manufacturer  will  admit.  Mr.  Metcalf  says  there  is 
no  known  way  of  getting  improper  strains  out  of  high  steel,  except 
by  annealing. 

When  this  mass  of  steel,  cooled  from  the  interior  and  with  the 
exterior  under  initial  tension,  is  again  heated  and  annealed,  will 
any  of  the  initial  tension  remain  ?  From  my  considerable  experi- 
ence in  annealing  steel  rolls  up  to  40  inches  diameter  and  20  tons' 
weight,  I  am  sure  that  if  any  large  mass  of  steel  is  heated  hot 
enough  to  break  up  properly  its  coarse  crystallization,  no  part  of  it 
can  remain  under  such  initial  tension  as  the  Hodman  method  re- 
quires. Coarse  crystallization  and  weakness,  or  no  initial  tension, 
must  be  accepted  with  a  cast  steel  gun  made  on  the  Rodman  plan. - 

Having  made  a  16-inch  gun  42  feet  long,  what  can  we  know 
about  the  metal  in  it  '. 

We  can  test  pieces  from  the  ends,  but  the  position  of  the  base  of 
the  shot  and  the  front  end  of  the  powder  chamber  is  11  feet  from 
the  test  ring  cut  off  at  the  breech,  and  I  submit  that  aside  from  the 
difficulty  of  making  the  large  casting  and  treating  it,  the  impossi- 
bility of  knowing  anything  about  the  interior  condition  of  the  thick 
mass  of  metal  in  and  around  the  powder-chamber  is  a  sufficient 
cause  for  condemning  any  such  steel  gun. 

To  so  treacherous  a  weapon,  however,  the  advocates  of  the  Rod- 
man  methods  would  commit  us,  because  it  is  cheap.  To  mount 
and  protect  a  16-inch  gun  will  cost  $500,000,  the  best  16-inch  gun 
we  can  buy  will  cost  8100,000.  If  we  saved  the  whole  cost  of  fhe 
gun  it  would  be  false  economy  to  do  it  at  the  expense  of  safety  or 
power  of  the  gun. 

Having  shown  how  difficult  is  the  application  of  the  Rodman 
idea  to  a  material  like  steel,  let  us  consider  whether  building  up  a 
gun  is  not,  so  far  as  shrinkage  is  concerned,  a  good  and  practically 
an  exact  method  of  putting  the  parts  under  initial  strains. 

The  theory  of  construction  of  guns  built  up  by  shrinkage  is, 
that  whether  the  system  is  at  rest  or  subject  to  powder  pressure,  no 
part  of  the  system  shall  be  subject  to  strains  equal  to  the  elastic 
limit  of  the  material,  and  that  when  in  action  all  parts  shall  work 

*  There  is  no  reason  why  methods  necessary  for  cast-iron  should  be  used  for  steel, 
and  it  seems  to  me  the  only  promising  method  is  that  adopted  by  Mr.  Wellman, 
viz.,  cast  the  interior  solid,  bore  out  the  center,  treat  the  metal  to  correct  crystal- 
lization of  structure,  and  then  cool  from  the  interior  by  air,  or  water,  or  oil. 
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together  and  assist  each  other  in  resisting  the  powder  pressure,  and 
this  can  be  accomplished. 

In  No.  33,  Ordnance  Construction  Notes,  the  shrinkage  of  outer 
hoops  of  8-inch  B.  L.  Steel  Rifles  is  given  .034  inch  on  a  diameter 
of  26.3  inches. 

The  tensile  strain  in  the  hoop  due  to  a  variation  of  xoVo  mcn  is 

.  30.000,000       11m  ,  •     i      a    .1     r-ff 

about  .,    '  n — irrr-r*  =  1140  pounds  per  square  inch.   As  the  difference 
l,0U0x2b.3  r  *        u 

of  poVo  cau  De  readily  measured  on  this  diameter  by  proper  instru- 
ments, it  will  be  seen  that  error  of  measurement  will  cause  varia- 
tion of  strain  less  than  the  smallest  variations  of  elastic  limit  and 
ultimate  strength  which  we  could  hope  to  obtain  in  the  most  perfect 
material.  The  formulae  by  which  the  shrinkages  are  calculated  are 
proved  for  each  type  of  gun  by  an  experimental  cylinder  represent- 
ing a  section  of  the  gun  through  the  powder  chambers.  The  results 
of  experiment  agree  closely  with  the  formulae.  Full  discussion  of 
these  experiments  may  be  found  in  Report  of  Chief  of  Ordnance, 
October,  1885,  appendixes  26,  27,  28.  And  a  study  of  these  papers 
will,  I  believe,  convince  an  unbiased  engineer  that  our  ordnance 
officers  have  brought  to  the  question  great  practical  good  sense  as 
well  as  high  theoretical  attainments. 

In  addition  to  the  fact  that  they  are  the  strongest  and  lightest, 
the  most  powerful  argument  in  favor  of  built-up  guns  is  the  fact 
that,  with  proper  tests  applied  to  each  piece  after  tempering,  we 
have  such  knowledge  of  the  condition  of  the  metal  in  all  important 
parts  of  the  gun  as  gives  confidence  in  the  weapon. 

The  few  guns  made  by  our  ordnance  officers  of  material  manu- 
factured as  first  efforts  by  steel  works  not  previously  engaged  in 
heavy  forging  work  show  excellent  results,  which  should  inspire 
trust  in  the  material,  the  construction  and  the  constructors. 

Of  building  up  guns  by  shrinkage,  it  may  be  said  truly  to  be 
"simple,  easy,  and  sure."  It  does  not  depend  upon  the  uncertain 
chances  of  the  lottery  combination  of  casting  a  metal  of  unknown 
temperature  in  a  mold  of  varying  radiating  power  surrounded  by 
a  fire  of  irregular  temperature,  cooled  inside  by  a  fluid  flowing  in 
unmeasured  quantities  and  temperature.  Success  does  not  hinge 
upon  the  combination  of  a  dozen  varying  conditions  acting  to  in- 
fluence final  results.  On  the  contrary,  the  method  of  shrinkage  is 
as  certain  as  the  ability  of  a  mechanic  to  calliper  the  diameter  of  a 
bored  or  turned  cylinder. 

The  question  of  armor  also  opens  a  wide  field  for  debate. 
39 
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Shall  it  be  soft  -wrought  iron,  iron  and  steel  compounded,  all 
steel,  or  chilled  cast  iron  ?  If  a  forged  material  is  adopted,  the 
reasons  for  preferring  steel  are  : 

1st.  From  the  small  number  of  times  the  material  is  worked,  it 
is  certain  steel  will  be  cheaper  to  manufacture  than  piled  wrought- 
lron  materia],  which,  taken  from  the  muck  bar,  cannot  be  properly 
massed  together  with  less  than  5  or  6  reheatings  and  weldings. 

2d.  There  are  great  possibilities  of  improvement  in  the  manu- 
facture of  steel  armor  which  has  so  far  only  been  made  for  a  few 
years,  and  by  one  concern,  and  there  is  reason  to  hope,  with  experi- 
ence of  many  concerns  and  a  longer  time  applied  to  the  manufact- 
ure, there  will  be  great  improvement  in  its  quality.  That  there 
can  be  much  improvement  in  that  of  wrought-iron  armor  seems 
improbable. 

3d.  That  it  is  likely  soft  and  hard  steels  can  be  compounded  in 
the  same  plate  successfully,  which  so  far  has  not  been  done. 

4th.  That  steel  armor,  as  now  made,  is  at  least  equal  to  iron 
and  steel  compounded. 

At  the  time  the  report  of  the  Fortification  Board  was  made,  a 
trial  of  chilled  cast-iron  armor  with  very  heavy  guns  had  not  been 
made,  but  the  trials  of  Gruson  chilled  armor  at  Spezzia,  about  a 
year  ago,  was  an  event  of  the  greatest  interest  to  the  military  engi- 
neer. A  plate  of  87  tons  weight  and  3  to  4  feet  thick  .....  ob- 
jected to  4  point  blank  shots  of  the  100  ton  17  inch  gun  with  826 
lbs.  powder,  and  projectile  of  2,205  lbs.,  striking  velocity  1,765  ft., 
and  energy  47,500  ft.  tons.  The  angles  of  incidence  of  projectiles 
was  about  40°.  The  shots  were  broken  up  into  small  fragments. 
Any  one  of  the  shots  would  have  pierced  31  inches  of  wrought-iron 
plate ;  the  fourth  heavy  shot  struck  nearly  in  the  same  place  as  the 
second.  The  plate  was.  of  course,  somewhat  cracked,  but  small 
pieces  onlj'  having  dropped  off  from  interior,  it  was  considered  to 
have  passed  the  test  condition,  which  was  that  no  fragment  should 
be  detached  from  inside  by  blow  of  shot.  Full  description  of  the 
trial  is  found  in  the  London  Engineer.  The  Krupp  steel  shot  that 
were  fired  on  this  trial  are  said  to  be  equal  to  perforation  of  steel 
plates  of  1^  to  14  calibers  without  deformation.  These  experi- 
ments settle  the  possibility  of  defending  guns  in  casemates  and  tur- 
rets, with  a  material  much  cheaper  than  forged  iron  or  steel.  The 
influence  of  mass  is  so  great  in  constructions  to  resist  large  shot 
that  a  future  seems  opened  for  the  use  of  chilled  armor  for  land 
defenses.      And  to  it  1  commend  the  attention  of  cast-iron-gun 
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foundryihen,  whose  plant  the  steel  guns  have  rendered  useless. 
Sixty-eight  thousand  tons  of  castings  will  keep  them  busy  and 
leave  the  gun  forges  a  fraction  of  work  also. 

To  give  some  idea  of  size  and  construction  of  proposed  guns,  that 
of  U.  S.  A.  12"  x  16"  guns  is  shown  in  Fig.  154  and  Fig.  155.  Fig. 
156  shows  relative  size  and  power  of  old  guns  for  coast  defense  as 
compared  with  proposed  guns.  Fig.  157  gives  a  section  of  turret 
of  Gruson  chilled  cast-iron,  showing  gun  mounting  and  machinery 
of  turret. 

DISCUSSION. 

Mr.  F.  M.  Barher* — My  first  idea  in  hastily  reading  over  Mr. 
Morgan's  admirable  and  suggestive  paper  was  that  I  was  going  to 
approve  wholly  and  unreservedly  each  view  that  he  expresses ; 
but  1  find,  on  re-reading,  that  in  defense  of  my  branch  of  the  service 
I  ought,  before  touching  upon  the  mechanical  problems,  to  criticise 
some  few  points  which  he  mentions  regarding  the  part  to  be  taken 
by  the  navy  in  the  defense  of  the  coast  of  the  country.  I  am 
aware  that  his  view  is  thoroughly  indorsed  by  the  report  of  the 
Fortification  Board,  of  -which  he  was  a  member,  and  I  would  not 
like  to  be  understood  as  undervaluing  the  recommendations  of  the 
Board  in  so  far  as  the  tend  of  defenses  they  recommend  is  con- 
cerned ;  but  in  regard  to  the  quantity  of  floating  defenses  and  the 
part  that  must  necessarily  be  taken  by  the  navy,  their  position  is 
not  a  strong  one.  I  am  particularly  anxious  that  I  should  be  cor- 
rectly understood  in  this  matter,  for  I  well  understand  the  evil 
effect  of  officers  criticising  each  other's  reports  where  the  appro- 
priation of  money  is  involved,  as  it  confuses  the  public.  Nothing 
that  I  have  to  say  would  alter  the  specific  use  of  a  dollar  from  the 
purpose  for  which  the  Fortification  Board  would  apply  it.  They 
have  recommended  none  too  many  defenses  at  anchor ;  but  they 
have  not  protected  those  at  anchor  with  enough  that  move.  "The 
navy  should  be  free  to  seek  the  high  seas,"  as  the  paper  says  ;  but 
its  freedom  to  do  so  should  depend  upon  the  fact  that  it  has 
enough  iron-clads  and  torpedo  boats  (surface  and  submarine),  with 
officers  and  men  to  man  them  still  remaining  to  do  their  share  in 
protecting  the  coast.  In  these  days  of  torpedo  warfare,  I  take  the 
broad  ground  that  the  defense  of  no  port  can  be  complete  without 
the  navy.  Not  only  it  may  assist,  as  the  paper  suggests,  but  it 
mast  assist,  and  it  is  absolutely  essential  to  the  defense.     No  coast 

*  Lieut.-Commauder,  U.  S.  N.     By  invitation. 
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can  be  properly  defended,  according  to  the  ideas  which  I  believe 
are  most  prevalent  in  Europe,  without  an  outer  line  of  iron-clads, 
an  inner  one  of  gun-boats  and  torpedo  boats,  and  lastly,  the  fixed 
defenses  at  the  bottom  of  the  harbor  and  on  the  shore.  The 
officers  and  men  of  the  navy  have  unquestionably  the  particular 
kind  of- education  which  adapts  them  to  the  two  lines  afloat,  and 
torpedoes  fixed  and  moveable  have  caused  such  a  gradual  crawling 
down  of  all  the  live  defenses  of  a  port,  off  the  land  and  into  the 
water,  that  more  and  more  aquatic  knowledge  is  necessary,  and  in 
Europe  this  whole  matter  is  gradually  drifting  bodily  into  the  navy, 
forts  and  all.  In  Germany  it  is  already  done.  In  France,  coast 
defenses  are  in  an  amphibious  state,  and  in  England,  judging  from 
the  discussion  of  the  paper  of  Colonel  Schaw,  of  the  Ro_yal  En- 
gineers (Deputy  Director  of  Fortifications),  read  before  the  Royal 
United  Service  Institution  in  December  last,  the  necessity  of  some 
kind  of  combination  of  the  army  and  navy  is  recognized  and  its 
consummation  is  probably  a  matter  of  the  near  future  in  England. 
One  of  our  most  prominent  army  torpedo  experts  once  told  me 
that  he  could  see  plainly  the  desirability  of  some  such  arrange- 
ment in  order  to  obtain  a  more  perfect  knowledge  of  the  value  of 
fixed  mines  with  reference  to  their  location.  Said  he:  "I  know 
what  I  think  a  navy-man  would  do  if  he  had  to  attack  any  harbor ; 
but  I  would  very  much  like  to  know  what  he  thinks  he  would  do." 

As  Yiollet  le  Due  argues  in  his  Annals  of  a  Fortress,  the  pro- 
per place  for  defense  is  at  the  outworks,  to  harass,  discourage,  and 
demoralize  your  enemy,  and  prevent  work  on  his  system  of  ap- 
proaches." But  this  only  enhances  the  value  and  necessity  of  a 
stronghold  which  you  know  is  always  in  your  rear,  and  to  which 
you  can  retreat  from  time  to  time,  but  which  could  scarcely  be 
made  so  formidable  that  a  modern  fleet  could  not  pass  it  eventually, 
if  the  approaches  were  once  clear  and  could  be  kept  so.  Guns 
and  electric  lights  on  shore  would  not  sufficiently  protect  the  sub- 
marine mines  at  the  bottom  of  the  harbor.  Co-operation  of  army 
and  navy  will  probably  be  the  solution  of  this  problem  in  our 
countrjT,  and  the  horse  marine  will  become  a  living  actuality. 

The  Fortification  Board  recommended  but  160  torpedo  boats  for 
our  enormous  stretch  of  coast  (it  is  12,000  miles  inside  of  4,000, 
if  we  include  the  lakes  and  Alaska),  while  Germany  is  building 
to-day  150  torpedo  boats  for  her  exceedingly  limited  coast  line. 
The  Board  recommends  but  five  armor  clads,  three  for  San  Fran- 
cisco and  two  for  New  Orleans.     It  is  true,  as  the  paper  says,  that 
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they  are  the  most  expensive  gun-carriages  in  the  world ;  but  they 
are  movable,  and  while  the  Board  provides  fixed  protection  for 
the  principal  ports  on  our  coast,  it  makes  scarcely  any  provision  for 
the  coast  between  the  ports.  To  fortify  strongly  only  important 
places  is  an  open  invitation  to  an  active  enemy  to  effect  a  landing 
.at  the  unimportant  ones,  and  it  should  be  remembered  that,  unlike 
Europe,  we  have  no  inland  fortifications  whatever  in  our  country. 
Cost  what  they  may,  movable  defenses  must  be  had,  and  their 
power  of  concentration  on  any  point  attacked  renders  them  far 
cheaper  than  a  continuous  line  of  strong-fixed  defenses.* 

*  The  following  information,  from  reliable  sources,  shows  the  growing  im- 
portance of  the  Navies  of  Europe  in  connection  with  the  problem  of  coast  de- 
fenses. 

Germany. — The  sea-coast  defenses,  torpedo  boats,  torpedoes,  submarine  mines, 
etc.,  of  Germany,  have  been  placed  in  charge  of  the  Navy.  The  Naval  Budgets 
of  1885-86  and  1886-87  provide  for  the  expense  of  maintaining  torpedoes,  torpedo 
boats,  aud  submarine  mines,  and  of  the  necessary  personnel  to  manipulate 
them. 

The  fortifications  have  recently  been  transferred  from  the  Army  to  the  Navy 
aud  the  following  reasons  have  been  assigned  for  this  transfer  : 

The  forts  at  the  mouth  of  the  Elbe,  in  addition  to  those  at  Kiel  and  Wilhelm- 
haven,  have  been  transferred  to  the  Navy  and  are  garrisoned  by  the  third  battal- 
ion of  Marine  Artillery,  which  has  been  added  to  the  existing  force  for  this  pur- 
pose. These  battalions  are  officered  by  line  officers  of  the  Navy,  and  the  non- 
commissioned officers  are  seamen-gunners.  Three  quarters  of  the  privates  are 
gunners  from  the  Navy,  and  the  rest  come  from  the  conscription  district  in  the 
neighborhood.  The  chancre  was  made  on  the  recommendation  of  the  Minister  of 
War,  approved  by  the  General  Staff  and  Military  Cabinet  of  the  Emperor  for  the 
following  reasons: 

First — Because  the  guns  and  carriages  are  similar  to  those  used  in  the  Navy. 
Second — As  this  defense  is  chiefly  against  attacks  from  ships  and  naval  landing 
parties,  seamen  would  more  readily  appreciate  the  points  of  weakness,  objects  of 
mance uvers  by  the  movement  of  the  ships,  and  recognize  the  probable  designs  of 
the  enemy  from  the  preparations.  Third — That,  as  the  defenses  were  considerably 
made  up  of  turrets  moved  by  steam  or  hydraulic  power,  a  class  of  men  became 
necessary  for  the  manipulation  of  the  machinery  which  did  not  exist  in  the  army. 
Fourth — That  seamen  were  better  adapted  to  care  for  works  situated  iu  the  mouth 
of  rivers,  and  would  co-operate  with  the  submarine  defenses  more  advantage- 
ously. 

Submarine  defenses  of  all  kinds  have  been  placed  entirely  in  the  har.ds  of 
the  Navy.  They  formerly  belonged  to  the  Engineer  Corps  of  the  Army,  but 
were  transferred  to  the  Navy  for  similar  reasons  to  those  given  for  the  transfer 
of  the  coast  defenses. 

An  Imperial  order  of  March  16,  1886,  prescribes  the  duties  of  the  Board  of 
[nspection  for  Torpedo  Affairs  of  the  German  Navy  ;  and  all  defenses  of  ports  and 
harbors  are  to  be  arranged  with  the  approval  of  the  Chief  of  the  Admiralty. 

The  submarine  coast  defense,  as  organized  by  the  Germau  Admiralty,  dis- 
tributes the  available  torpedo  boats  to  different   districts  on  the  German  coast  ; 
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I  thoroughly  agree  with  Mr.  Morgan  in  his  opinions  regarding 
the  impossibility  of  manufacturing  steel-cast  guns  of  large  caliber, 
and  be  has  gone  over  the  ground  so  thoroughly  that  nothing  re- 
mains to  be  said.  The  fact  that  820,000  in  the  last  Xavy 
Bill  is  to  be  devoted  to  paying  for  the  cast  six-inch  guns,  in  case 
they  pass  the  statutory  test,  will  probably  settle  the  matter  to  the 
satisfaction  of  the  public,  although  it  would  have  been  better  to 
have  made  the  amount  8100,000,  as  it  would  have  offered  greater 
inducements  to  experimenters. 

I  agree  also  with  the  opinion  that  the  question  of  armor  opens  a 
wide  field  for  debate  ;  but  I  do  not  think  that  the  case  for  chilled 
cast-iron  is  quite  as  favorable  as  the  Spezzia  experiments  would  in- 
dicate. I  think  it  is  the  general  opinion  among  engineer  officers, 
both  in  this  country  and  in  England,  that  the  future  possibilities  of 
gun-fire  are  so  difficult  to  estimate  that  any  metallic  protection 
should  consist  of  a  material  whose  thickness  can  be  readily  in- 
creased if  necessity  should  require  it.  The  very  nature  of  the 
chilled  cast-iron  prevents  the  possibility  of  bolting  to  the  outer 

each  district  lias  a  torpedo  depot,  and  the  amount  of  torpedo  armament  of  each 
district  depends  on  the  extent,  importance,  and  vulnerability  of  the  district  to  be 
defended.  The  last  fortifications  remaining  in  charge  of  the  Armv  were  the  forts 
at  the  mouth  of  the  Weser,  and,  by  the  Imperial  order  of  November  25,  1886, 
these  were  transferred  to  the  Navy  on  April  1,  1887. 

France. — On  the  Cth  of  March,  1886,  a  Ministerial  decree  created  an  additional 
departmtnt  in  the  Ministry  of  Marine,  called  the  Direction  (Bureau)  of  Subma- 
rine Defense.  This  Direction  has  control  of  all  torpedoes,  mines,  and  appara- 
tus used  in  connection  with  them,  and  all  torpedo  boats.  The  Director  of  Sub- 
marine Defense  is  a  Rear  Admiral,  and  the  service  in  each  port  is  divided  into 
two  sections.  1st.  The  defense  mobile,  consisting  of  all  torpedo  boats  and  tor- 
pedo store  ships.  2d.  The  defense  fixe,  having  in  charge  all  submarine 
mines,  electric  search  lights  and  torpedoes  operated  from  the  shore,  harbor  boats 
carrying  spar  torpedoes,  care  of  material,  mine  boats,  etc.  The  commandant  of 
the  defense  mobile  in  each  fort  is  a  commander  in  the  Navy;  that  of  the  defense 
fixe  is  either  a  commander  or  lieutenant  in  the  Navy. 

A  French  "  Fortification  Board,"  organized  in  December,  1886,  consists  of  five 
Naval  officers  and  five  Army  officers. 

England. — In  England  the  fortifications  and  submarine  mine  defenses  are  un- 
der the  control  of  the  Army.  The  torpedo  boats  are  all  under  Naval  control.  The 
questiou  of  turning  over  the  command  of  the  sea-coast  fortresses  to  the  Navy, 
and  making  the  latter  completely  responsible  for  the  defense  of  the  coast,  is  under 
the  very  serious  consideration  of  the  British  authorities,  and  the  matter  is  now 
being  discussed  between  the  War  Office  and  the  Admiralty.  It  is  proposed  by 
the  former  that  the  latter  shall  have  entire  control,  it  having  come  to  the  Ger- 
man and  French  view  of  the  subject  of  coast  defense. 

Italy. — The  Direction  General  of   Artillery  and  Torpedoes  of  the  Ministry   of 
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surface,  and  since  a  part  of  its  virtue  is  due  to  the  mass,  the  plates 
are  large  and  weighty,  and  would  be  expensive  to  move  if  one 
wished  to  get  at  the  inner  surface,  and  once  there,  it  is  questionable 
if  cast-iron  could  be  well  held  by  bolting  anyway. 

The  plate  fired  at  at  Spezzia  was  supported  on  each  side  by  a 
40-tou  casting,  and  the  whole  mass  was  solidly  wedged  into  a  cut- 
ting in  the  side  of  a  huge  rock  cliff;  the  conditions  of  the  mass  to 
absorb  the  energy  of  the  projectile  were  admirably  obtained ;  but 
these  conditions  would  not  have  been  the  same  had  this  plate  been 
in  its  place  in  a  revolving  turret,  of  which  it  forms  about  one- 
fifteenth  the  weight.  The  great  curvature  of  the  plate,  of  course, 
greatly  assisted  it;  but  this  is  an  advantage  to  be  obtained  with 
any  metal  ;  and  it  is  quite  possible  to  suppose  that  a  turret  of 
1,-100  tons  might  have  at  least  had  its  revolving  ^ear  seriouslv 
damaged,  because  the  turret  is  obliged  to  absorb  all  the  energy  that 
does  not  glance  off  in  consequence  of  the  hardness  and  angle  of 
the  surface,  or  is  not  dissipated  by  the  breaking  of  the  projectile. 

A  plausible  objection  to  the  Grnson  turret,  and  the  first  to  catch 

Marine  (chief  a  Rear  Admiral),  in  addition  to  the  manufacture  and  purchase  of 
material,  is  also  charged  with  the  submarine  defense  of  the  coast.  The  Navy  is 
exclusively  charged  with  all  that  relates  to  Naval  and  submarine  features  of 
coa-t  defense,  including  light  batteries  of  guns  which  may  be  erected  to  command 
lines  of  fixed  torpedoes  and  prevent  the  operations  of  the  boats  of  the  enemy, 
and  with  the  surveillance  of  the  coast  and  its  electric  lighting  for  military  pur- 
poses 

The  general  plans  of  coast  defense  are  studied  and  drawn  up  by  a  mixed  com- 
mission of  Army  and  Navy  officers.  In  the  projected  scheme  of  coast  defense  it 
is  intended  to  assign  from  three  to  eighteen  torpedo  boats  to  each  of  the  ports  of 
importance,  twelve  to  fifteen  in  number.  Palermo  and  Naples  will  be  depend- 
ent on  the  fleet  for  defense,  as  they  can  be  bombarded  from  the  open  sea  (so  can 
New  York).  The  general  staff,  whose  chief  is  the  President  of  the  Superior 
Council  of  the  Ministry  of  Marine,  forms  a  separate  bureau  without  administra- 
tive functions.  It  is  charged  with  the  study  of  all  that  relates  to  the  organiza- 
tion of  the  maritime  forces,  the  plans  of  campaign,  the  defense  of  the  coast  and 
que.-tioiis  of  naval  tactics  and  strategy. 

It  is  proposed  to  organize  a  special  corps  for  coast  defense,  to  be  officered  by 
the  older  men  of  the  several  grades  of  the  line  officers  of  the  Navy  ;  men  whose 
age  entitles  them  to  be  withdrawn  from  active  service  at  sea,  and  who,  for  the 
same  reason,  can  best  be  spared.  The  corps  will  have  all  or  a  part  of  the  coast 
defense  batteries. 

This  project  is  advocated  for  two  reasons  :  first,  to  enlarge  the  sphere  of  the 
Navy  in  the  defense  of  the  coast  ;  second,  to  stimulate  promotion.  In  the  event 
of  its  creation  the  corps  of  coast  defense  will  be  charged  with  the  duties  of  the 
maritime  conscription  for  recruitiug  the  Navy. 

It  is  also  proposed  to  form  a  naval  reserve  of  men  under  foity  years  of  age  to 
take  part  in  the  defense  of  the  coast. 
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the  eye  of  the  military  man,  is  the  apparent  weakness  of  the  tur- 
ret between  the  two  guns.  As  the  guns  are  parallel  to  each  other 
and  close  together,  that  part  of  the  turret  which  is  exposed  to  the 
enemy  when  you  are  in  the  act  of  firing  is  the  weakest  part  of  the 
whole  turret.  This  is  true  of  all  turrets  with  guns  mounted  in 
this  way;  but  cast-iron  would  appear  to  be  less  reliable  than  steel 
in  such  a  situation. 

The  projectiles  all  broke  up,  which  diminishes  the  value  of  the 
results  to  a  degree  which  it  is  impossible  to  estimate.  They  were 
undoubtedly  the  very  best  that  could  be  obtained;  but  steel  pro- 
jectiles are  still  in  their  infancy,  and  will  be  extraordinarily  devel- 
oped in  the  future.  They  will  undoubtedly  be  made  so  that  noth- 
ing can  break  them  up  or  deform  them.  Given  an  indeformible 
projectile,  more  wonderful  results  are  yet  to  be  obtained  in  shaping 
the  head  so  that  it  will  take  hold  of  an  inclined  surface.  In  this 
particular  case  at  Spezzia,  it  is  possible  that  a  softer  projectile 
would  have  given  better  results  in  spite  of  inevitable  deformity, 
on  the  theory  that  those  used  did  not  hold  together  lon^  enough 
to  get  their  work  in. 

This  whole  matter  of  the  proper  material  for  land  armor  was 
left  in  an  unfortunate  position  by  the  Fortification  Board. 

They  state  that  in  their  opinion  "  forged  steel  plates  "  should  be 
used  fur  land  fortifications;  but  they  also  recommend  that  "imme- 
diate experiments  be  undertaken  to  determine  the  most  suitable 
armor  for  turrets  and  casemates."-  It  appears  to  me  that  this  is  a 
kind  of  a  Bunsby  opinion,  whose  bearing  and  application  is  diffi- 
cult to  discern.  It  affords  little  satisfaction  to  those  who  contem- 
plate the  manufacture  of  steel  plates,  and  no  encouragement  what- 
ever for  those  who  would  wish  to  venture  on  any  other  material, 
while  at  the  same  time  the  experiments  recommended  are  known 
to  be  utterly  impossible  with  the  present  attitude  of  Congress  re- 
garding the  importation  of  foreign  armor  and  guns  for  the  pur- 
pose. I  think  that  a  special  report  should  have  been  made  on 
these  experiments,  specifying  distinctly  the  kind,  the  cost,  and 
where  the  material  to  make  them  with  is  to  be  obtained.  The 
Board's  recommendation  of  steel  for  ship  armor  and  guns  was  spe- 
cific, and  has  resulted  in  the  establishment  of  the  necessary  manu- 
factories. The  recommendation  for  land  armor  should  have  been 
equally  so,  or,  in  default  of  it,  a  tangible  method  of  solving  the 
difficulty  of  decision  pointed  out.  Engineer  officers  generally  wish 
for  money  to  commence  at  once  the  purchase  of  land  sites,  con- 
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struction  of  casemates,  earthworks,  etc.,  and  think  that  they  would 
be  fully  occupied  for  a  couple  of  years  without  any  reference  to 
armor  whatever.  This  is  true  enough  ;  but  the  manufacturing  in- 
terests of  the  country  are  concerned  in  the  contracts  for  armor 
which  is  to  be  applied  to  these  works,  and  they  should  have  an  au- 
thoritative decision  as  to  the  kind,  in  order  to  know  what  to  go  in 
for.  If  these  experiments  are  to  be  made,  it  cannot  be  done  too 
soon. 

I  think  it  was  the  general  belief  that  the  Gruson  target  at  Spez- 
zia  would  be  knocked  out  at  the  first  round,  and  yet  the  results 
were  marvelous.  On  the  other  hand,  it  has  been  discovered,  in 
the  use  of  forged  steel  armor,  that  by  increasing  the  number  of 
bolts  which  retain  it  to  the  backing,  instead  of  weakening  the  plate 
from  the  greater  number  of  bolt  holes  in  the  back,  you  vastly  in- 
crease its  power  of  standing  up  against  continuous  pounding,  be- 
cause a  multitude  of  cracks  does  not  appear  to  diminish  the  resist- 
ing power,  so  long  as  the  plate  remains  on  the  backing.  It  has 
also  been  found  that  in  deck  plates  exposed  to  oblique  fire — say 
20°  to  25° — with  ordinary  ogival-headed  projectiles,  the  soft  steel' 
presents  rather  unexpected  advantages  over  a  hard  steel  surface  or 
over  a  softer  wrought-iron  surface,  because,  although  it  scores  badly, 
it  does  not  present  the  kind  of  a  depression  or  crack  which  enables 
the  projectile 'io  turn  and  go  through  as  the  hard  surface  does, 
and  at  the  same  time  it  is  hard  enough  not  to  score  so  deeply  as  to 
let  the  projectile  get  hold  for  that  reason,  as  the  softer  surface 
does.  It  is  the  popular  theory  that  a  compound  steel  plate — i.  e., 
a  soft-steel  back  and  a  hard-steel  surface  welded  together — will  be 
exactly  what  is  wanted.  Wilson,  of  Sheffield,  has  lately  patented 
such  a  plate,  with  a  layer  of  fibrous  iron  between  the  two  steels, 
and  a  sample  of  it  is  said  to  have  stood  well  at  a  recent  trial  at 
Shoeburyness ;  but  I  am  somewhat  inclined  to  doubt  the  correct- 
ness of  this  theory,  certainly  for  the  armor  of  anything  that  must 
be  moved.  If  we  can  get  a  homogeneous  mass  of  steel  which  will 
combine  hardness  and  tenacity  to  such  a  degree  that,  while  keeping 
out  a  moderate  blow,  it  will  next  bend  locally,  and  afterward,  if 
the  projectile  enters  the  outer  skin,  offer  it  a  sufficient  uniform  re- 
sistance without  cracking,  we  will  then  present  such  conditions 
that  the  energy  of  the  projectile  will  be  gradually  absorbed  without 
getting  through  the  backing;  the  injury  will  be  local,  and  we  will 
not  rack  our  whole  turret  or  the  framing  behind  the  backing.  The 
extraordinary  results  that  they  are  now  obtaining  in  France  with 
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shields  made  of  chrome  steel  to  resist  musketry  appear  to  suggest 
that  heavier  armor  can  be  improved  by  working  in  that  direction. 
Plates  of  very  great  curvature  are  excessively  difficult,  if  not  im- 
possible, in  compound  armor,  and  I  should  think  that  the  cost 
would  always  be  in  excess  of  that  of  homogeneous  metal. 

The  cost  of  steel  armor  would  probably  be  in  this  country  about 
100  per  cent,  greater  per  ton  than  that  of  chilled  cast-iron,  say  as 
$540  per  ton  to  $270 ;  at  any  rate,  for  the  first  that  is  turned  out, 
though  a  Gruson  plant  for  casting  100-ton  ingots  of  iron  is  not  a  cheap 
affair.  The  European  prices  are  $400  per  ton  for  steel  and  $2C0  for 
chilled  iron.  The  number  of  tons  required,  however,  is  much  less 
for  the  steel.  Twenty-five  inches  of  steel  would  have  been  equal 
to  the  4  feet  of  chilled  iron  used  at  Spezzia,  and  with  the  same 
curvature  would  probably  have  kept  out  the  shot.  This  difference 
in  thickness  would  not,  probably,  equal  the  difference  of  first  cost ; 
but  difference  of  cost  of  transportation,  cost  of  foundations,  etc., 
are  all  in  favor  of  the  steel. 

Mr.  Rogers  Birnie,  Jr.* — Mr.  Morgan  has  very  kindly  com- 
mended the  work  of  the  officers  of  the  Ordnance  Department  of 
the  Army  in  practical  investigation  upon  the  construction  of  built- 
up  guns,  and  has  truly  stated  that  the  manufacture  of  the  several 
experimental  guns  of  new  types  made  in  recent  years  for  sea-coast 
defense  has  been  preceded  by  the  construction  of  compound  cylin- 
ders representing  actual  sections  of  the  guns  through  the  powder 
chamber. 

These  experiments  have  included  not  only  the  construction  of  the 
full  section  by  shrinking  together  the  several  elementary  cylinders 
composing  it,  but  also  the  subsequent  dismantling  of  the  section. 
Their  object  has  been  two-fold — on  the  one  hand  is  the  practical 
object  and  on  the  other  the  theoretical. 

In  the  first  place  the  metal  of  all  the  cylinders  or  hoops  used  in 
these  experiments  was  carefully  tested  by  detaching  specimens 
from  each  for  determining  the  physical  qualities  of  the  metals  un- 
der free  tension  and  compression  tests.  The  data  furnished  by  these 
tests  afforded  means  for  regulating  the  strains  to  which  the  several 
cylinders  in  the  structure  should  be  subjected  in  the  building-up 
process. 

In  building  up  a  gun  the  object  must  be  to  utilize  as  fully  as  pos- 
sible the  elastic  strength  of  all  the  parts  when  the  powder-gas 
pressure  acts,  but  the  strains  due  to  construction,  that  is,  for  the 
*  Capt.  Ordn.  Dept.  U.  S.  N.     By  invitation. 
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state  of  rest,  must  be  so  regulated  as  to  leave  a  proper  margin  of 
elastic  strength  in  the  most  exposed  parts  to  give  play  for  the  added 
strains  due  to  the  pressure  of  the  powder  gases,  jet  still  preserve 
these  strains  within  safe  limits.  The  most  direct  way  of  estimating 
these  strains  is  to  base  them  upon  measured  displacements  of  the 
cylinders  when  under  stress,  and  this  method  was  adopted  in  the 
experiments. 

In  a  practical  point  of  view  the  tests  enabled  us  to  determine  in 
general  the  behavior  of  the  cylinders  under  stress  and  when  re- 
lieved from  stress,  and  to  make  a  comparison  between  the  displace- 
ments of  the  elementary  cylinders  and  the  displacements  of  the 
same  metal  under  free  tests.  Also,  by  free  tests  of  the  metal  after 
the  subjection  of  the  cylinders  to  the  shrinkage  tests,  to  determine 
the  effect  of  the  whole  operation,  including  the  necessary  heating 
for  the  shrinkage,  upon  the  physical  qualities  of  the  metal. 

The  results  of  numerous  experiments  have  shown  that  the  values 
for  physical  qualities  of  the  metals  determined  by  the  free  tests  can 
be  fully  relied  upon  to  indicate  the  behavior  of  the  cylinder  as  a 
whole  subjected  to  shrinkage.  It  will  be  remarked  that  in  the  case 
of  a  built-up  gun  the  successive  cylinders  are  subjected  to  pecu- 
liarlv  homogeneous  strains  in  the  direction  of  the  tangent. 

The  effect  of  the  heating  and  shrinkage  upon  the  physical  quali- 
ties of  the  metal  has  been  made  a  subject  of  careful  examination. 
It  is,  upon  the  whole,  very  little  injurious,  and  in  the  case  of  the 
tube  or  inner  cylinder  the  qualities  of  the  metal  have  been  found 
improved  by  the  compression  to  which  this  cylinder  had  been  sub- 
jected. One  who  attempts  to  question  the  utility  of  the  principles 
involved  in  the  construction  of  built-up  guns  upon  the  plea  that 
either  the  heat  used  for  the  assemblage  ,  or  that  which  will  be  de- 
veloped in  the  firing,  destroys  or  even  materially  vitiates  the  con- 
struction, can  have  no  good  ground  to  stand  upon. 

The  investigation  of  theories  constituted,  in  these  experiments, 
quite  as  important  an  item  as  the  practical  observations.  It  will  be 
readily  admitted  that  if  the  truth  of  the  theories  be  once  established 
for  a  given  structure  their  application  to  similar  designs  follows  as 
a  matter  of  course. 

The  results  of  the  tests  have  established  in  a  remarkable  manner 
the  truth  of  the  theories  upon  which  the  formulas  of  application 
are  based.  The  elementary  cylinders  used  embraced  forged  and 
oil-tempered  steel  cylinders  or  hoops  and  cylinders  of  cast-iron 
made  and  cast  hollow  upon  the  Rodman  plan  to  introduce  initial 
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tension  strains.  The  applicability  of  the  formulas  to  the  changes 
of  dimensions  which  occur  in  a  thick  cast-iron  cylinder,  having  in- 
itial tension,  when  subjected  to  an  exterior  pressure  by  wire  wind- 
ing has  been  demonstrated. 

This  leads  to  a  few  remarks  upon  cast-iron  guns  made  on  the 
Rodman  plan.  If  it  were  possible  to  regulate  the  tensions  in  cool- 
ing so  that  exactly  the  right  state  of  tension  would  be  induced 
in  the  casting  to  produce  a  uniform  tension,  T,  throughout  the 
wall  of  the  gun  under  the  action  of  an  interior  pressure,  P,  (per 
sq.  inch), — then  the  value  of  P  would  be  derived  from  the  formula, 

P=T.  Pi — R0 


in  which  R  stands  for  the  exterior  radius,  and  R0  for  the  radius  of 
the  bore. 

In  the  12-inch  cast-iron  rifle  to  which  Mr.  Morgan  refers  the 
dimensions  about  the  chamber  are,  Ri=4  P0  nearly.  Then,  in  the 
cases  supposed,  would 

P=3.  T. 

The  average  tenacity  of  cast  gun-iron  may  be  taken  at  30,000 
pounds  per  sq.  inch  and  13,000  pounds  as  a  fair  elastic  limit: 
whence  we  would  have  P  =  3x  13,000  =  39,000,  or  say  40,000  pounds 
per  sq.  inch,  as  the  safe  pressure  for  this  gun,  on  the  assumption 
that  it  possesses  a  perfectly  regulated  initial  tension  as  above.  It  is 
safe  to  say  that  it  would  be  the  merest  accident  if  this  state  of 
things  were  realized  in  practice. 

By  cutting  out  rings  from  initial  tension  disks  of  Rodman  cast- 
ings it  has  been  found  that  the  curve  of  initial  tension  is  quite 
different  from  what  it  should  be  to  bring  about  this  uniformity  of 
strain.  The  actual  initial  compression  at  the  surface  of  the  bore  is 
less  than  it  should  be  and  the  curve  through  the  wall  is  irregular 
and  shows  in  some  cases  an  actual  compression  at  the  exterior  of 
the  wall  instead  of  the  considerable  tension  which  should  exist 
there.  The  interior  part  of  the  wall  at  say  from  \  to  %  the  thick- 
ness from  the  exterior  is  in  a  state  of  abnormal  tension.  And  it 
seems  probable  that  in  those  cases  where  the  castings  have  burst 
spontaneously,  the  rupture  started  about* that  place  rather  than  at 
the  exterior. 

I  do  not  think  that  Gen.  Rodman  ever  claimed  to  produce  the 
theoretical  state  of  initial  tension,  but  his  claim  was  in  effect  to 
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relieve  the  gun  from  the  injurious  strains  apt  to  be  induced  by  ex- 
terior cooling.  It  appears,  however,  that  even  this  much  was  a 
somewhat  uncertain  claim  in  dealing  with  the  metal  cast-iron. 

From  all  this  it  is  apparent  that  the  value  of  40,000  pounds 
deduced  above  for  the  interior  pressure  which  the  12  inch  gun  would 
repeatedly  support  must  be  considerably  reduced.  What  shall  we 
say  then  to  the  claim  of  the  cast-iron  gun"  men  that  the  factor  of 
safety  is  3,  that  is,  that  the  gun  would  not  be  ruptured  with  a 
pressure  of  about  90,000  pounds  per  sq.  inch  in  the  chamber.  We 
are  much  nearer  the  truth  in  saying  that  for  repeated  pressures 
30,000  pounds  is  quite  as  much  as  this  gun  can  bear.  And  in 
general  we  may  say  that  a  cast-iron  gun  is  strained  to  near  the 
safety  limit  at  every  discharge,  under  what  is  now  considered  alow 
pressure,  i.  e.,  30,000  pounds;  hence  the  factor  of  safety  is  practi- 
cally nil  for  elastic  strength. 

I  think  this  helps  to  explain  the  unreliability  of  cast-iron  guns, 
independent  of  their  low  power.  The  present  entire  lack  of  con- 
fidence in  cast-iron  guns  is  due,  mainly,  it  is  true,  to  their  failures 
under  actual  trials,  and  if  our  artillery  is  compelled  to  use  them  (I 
refer  especially  to  rifles)  the  men  will  be  subject  to  the  moral  ill 
effect  of  expecting  the  gun  to  burst  at  any  time.  There  is  certainly 
no  need  of  further  experiments  with  cast-iron  rifles,  their  reputation 
for  unreliability  is  too  well  established,  and  there  seems  to  be  no 
excuse  for  our  entering  upon  their  manufacture  in  time  of  peace. 
The  only  excuse  for  their  production  would  be  in  a  period  of 
national  danger  when  they  might  be  procured,  provided  any  time 
could  be  saved  over  the  production  of  steel  guns. 

The  question  of  a  steel-cast  gun  is  in  such  an  inchoate  state  in 
our  country  that  there  seems  little  to  be  said  about  it.  Considering 
all  the  uncertainties  of  the  question  the  manufacture  of  these  guns 
ought  at  least  to  be  preceded  by  a  system  of  carefully  conducted 
and  extended  experiments.  If  the  curve  of  initial  tension  in  a 
Rodman  cast-iron  gun  is  so  irregular  and  varies  from  gun  to  gun, 
how  much  more  irregularity  must  be  anticipated  in  a  steel-cast  gun 
made  in  this  way  ?  Or,  if  this  casting  is  to  be  annealed  and  the 
initial  tension  afterwards  re-introduced,  is  it  not  probable  that  un- 
soundness in  the  interior  wall  of  the  original  casting  will  more  than 
counterbalance  any  probable  gain  of  soundness  at  the  bore  over  a 
gun  which  might  be  produced  by  solid  casting? 

The  firing  proof  of  a  limited  number  of  steel-cast  guns  would  not 
establish  the  reliability  of  the  system.     We  have  now  reached  a 
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stage  in  gun  construction  where  we  cannot  justly  accept  hap-hazard 
affairs.  It  will  be  necessary  first  to  establish  that  the  operation  of 
producing  initial  tension  in  a  steel-cast  gun  can  be  conducted  with 
certainty  and  can  be  regulated  to  a  proper  degree  by  the  manufac- 
turer. When  this  has  been  shown  and  sound  guns  so  made  have 
been  produced,  the  steel-cast  gun  will  have  a  very  respectable 
standing,  but  at  the  present  date  it  remains  to  be  shown  what  can 
be  done. 

As  regards  the  built-up  guns  I  have  little  to  add  to  what  Mr. 
Morgan  has  so  ably  stated.  In  these  guns  we  have  a  certain  and 
sure  means  of  producing,  by  the  exterior  pressure  of  the  applied 
cylinders,  the  exact  state  of  initial  tension  desired  at  the  bore.  In- 
dependent of  the  careful  tests  and  detailed  examination  of  the 
material  which  is  permitted  in  making  the  gun  of  parts,  we  have, 
in  the  effect  produced  by  the  very  assemblage  of  the  pieces,  an  ex- 
cellent means  of  measuring  their  soundness  and  elastic  strength. 
In  fine,  the  built-up  gun  made  of  oil-tempered  steel  forgings  stands 
to-day  a  pre-eminent  success  in  comparison  with  any  other  system. 
A  most  thorough  study  of  this  system  has  been  made  in  detail  and 
the  practice  and  theory  of  the  construction  is  understood. 

Mr.  Oberlin  Smith. — Regarding  this  question  of  enormous  iron- 
clad vessels,  to  act  partially  as  forts,  in  the  way  mentioned  by  Mr. 
Kent  in  the  previous  discussion  ;  and  also  our  land  forts  requiring 
to  be  heavily  ironclad,  to  meet  such  attacks  as  we  may  expect  in 
future  from  modern  war  vessels,  it  seems  to  me  that  the  solving  of 
the  enormous  expense  problem  incident  to  such  protection,  may  lie 
in  the  direction  pointed  out  by  Sir  Henry  Bessemer.  He  has  pro- 
posed to  cast  a  fort  whole.  Of  course  the  expense  of  build- 
ing a  fort  sufficiently  large  and  sufficiently  strong  in  the  ordinary 
way  is  very  great ;  but  by  this  new  method,  if  practicable,  as  he 
seems  to  think,  and  as  seems  to  me  very  likely,  the  expense  would 
be  greatly  reduced.  His  idea  was  to  build  a  number  of  temporary 
converting  plants  and  make  molds  in  the  sand  or  other  earth  at 
hand,  and  then  run  the  metal  from  the  converters  directly  into  the 
walls  of  the  fort,  so  as  to  make  them  one  solid  piece  of  any  desired 
thickness  of  steel,  thus  having  the  whole  fort  one  great  steel  cast- 
ing. It  has  since  been  suggested  that  the  same  method  might  be 
applied  to  great  ironclads.  I  do  not  see  why  it  cannot  be  done 
with  forts,  and,  perhaps,  as  has  been  suggested,  for  large  vessels  of 
the  type  spoken  of  by  Mr.  Kent — very  heavy  and  thickly  clad 
ones.     Of  course,  with  such,  great  speed  would  be  impossible. 
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Dr.  Robert  Grimsliaic. — Such  forts  as  are  just  referred  to  are 
not  chimerical.  They  have  been  cast  in  1878  and  1879.  1  was  at 
Buckau,  in  Germany,  and  Mr.  Gruson,  whose  establishment  is  sub- 
sidized by  the  German  Government,  was  casting  chilled  iron  forts. 
The  sections  were  twenty-two  inches  in  thickness  at  the  bottom 
and  fourteen  to  eighteen  inches  in  thickness  at  the  top,  the  chill 
extending  to  a  considerable  depth. 

At  the  works  at  Buckau,  they  made  a  special  mixed  iron.  Mr. 
Gruson  uses  immense  chilling  molds.  There  were  two  classes  of 
such  castings  made  ;  one  was  for  turrets  and  the  other  for  stationary 
forts.  Some  of  the  stationary  forts  were  built  with  turrets  and 
some  had  straight  walls.  I  believe  there  is  now  one  of  those  straight 
forts  at  Antwerp.  The  masses  of  the  castings  were  so  heavy  that 
it  was  not  necessary  to  make  any  great  connection  between  the 
sections  which  composed  the  turrets  or  the  walls  of  the  fort.  In 
1880  I  gave  to  the  Franklin  Institute  an  allium  containing  photo- 
graphs of  all  the  sizes  of  sections  that  had  been  cast,  and  I  think 
that  in  the  Bureau  of  Xaval  Intelligence  they  are  probably  better 
provided  than  that.  The  reference  made  by  one  of  the  Naval 
officers  this  evening  to  the  Gruson  apparatus  shows  that  thej  are 
well  informed  as  to  what  has  been  done  and  what  is  proposed  to 
be  done.  While  on  my  feet  I  should  like  to  call  attention  to  the 
desirability  of  one  or  two  sets  of  experiments  that  might  be  made. 
It  seems  that  too  much  attention  has  been  paid  to  getting  high 
tensile  strength  and  high  ultimate  strength,  and  not  enough  to  get- 
ting a  high  elastic  limit.  It  is  more  desirable  to  have  a  plate  or 
any  piece  of  steel  of  which  the  tensile  strength  is  low  but  the 
elastic  limit  high  and  sure,  than  to  get  a  high  tensile  strength  and 
never  knew  where  your  elastic  limit  is  going  to  be.  There  is  no 
use  in  going  beyond  your  elastic  limit.  As  to  the  means  of  getting 
such  high  elastic  limit  I  would  suggest  that  the  experiments  and 
practice  of  Whitworth  be  turned  upside  down.  Whitworth  is  com- 
pressing liquid  steel,  but  he  is  generally  compressing  it  from  the 
bottom.  In  compressing  the  ingot  the  liquid  chills  against  the 
walls  of  the  mold,  and  the  piston  being  pressed  in  from  the  bottom 
is  compressed  against  a  chilled  section  of  steel.  You  get  a  tremen- 
dous pressure  in  your  accumulator  but  you  do  not  get  much  in  your 
ingot.  Whatever  pressure  is  put  on  the  ingot  in  the  mold  should 
be  from  above,  so  that  the  liquid  steel  should  be  what  is  forced  into 
the  skin,  exactly  the  same  as  in  stuffing  a  sausage.  As  soon  as  the 
ingot   commences  to   be    bright    the  steel    chills,  and    we    have 
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that  skin  which  is  to  be  filled  with  liquid  steel.  Experiments  made 
at  the  Juliet  Steel  "Works  show  that  the  specific  gravity  can  be  in- 
creased from  fifteen  to  sixteen  per  cent,  by  such  pressure  from 
above.  The  elastic  limit  is  very  much  raised  and  the  gases  are 
pressed  out  so  that  the  walls  of  the  blow-holes  are  actually  welded 
together.  Those  i  xperiments  point  to  the  desirability  of  carrying 
them  out  with  such  facilities  as  the  Government  can  give,  and  with 
such  talent  as  our  Navy  and  Ordnance  Department  can  apply 

Mr.  Oberlin  Smith. — It  seems  to  me,  Mr.  President,  that  the 
method  suggested  by  Sir  Henry  Bessemer,  of  casting  a  large  fort 
complete,  may  prove  to  be  a  good  thing  when  it  is  tried,  for  one 
reason  especially,  because  no  great  care  need  to  be  taken  to  get  the 
very  best  material.  It  is  not  necessary  to  use  accumulators  to  com- 
press the  metal,  and  thus  improve  its  density,  because  the  method 
of  constructing  is  in  principle  a  very  cheap  one,  and  on  account  of 
this  cheapness  of  construction  a  great  deal  of  metal  may  be  used 
and  enormously  heavy  walls  made  of  a  comparatively  common 
quality  of  steel.  The  idea  looks  so  promising  that  I  sincerely  hope 
it  will  be  tried  in  this  country  as  well  as  in  England. 

Mr.  W.  II.  Beehler* — I  thoroughly  agree  with  what  Mr.  Morgan 
said  in  his  paper.  A  great  deal  has  been  said  about  steel.  There 
is  no  doubt  but  what  steel  is  gradually  displacing  cast  iron  and 
other  forms  of  iron  for  ship-building.  There  is  one  form  of  armor 
of  which  nothing  has  been  said.  I  refer  to  cellulose  armor  invented 
in  France.  It  has  been  applied  to  making  what  is  called  a  non- 
sinkable  ship.  It  seems  that  we  have  in  this  country  very  few 
plants  for  making  steel  armor  or  Gruson  armor,  but  we  might  be 
able  to  utilize  this  cellulose  system.  This  cellulose  is  a  product 
from  the  husks  of  cocoanuts.  The  value  of  'it  consists  in  its  elas- 
ticity. A  projectile  will  penetrate  the  side  of  a  ship  and  the  cel- 
lulose will  follow  right  in  the  wake  of  the  projectile,  and  close  up 
the  breach  and  keep  out  the  water,  so  that  the  hull  of  the  ship  may 
be  thoroughly  riddled  with  shot  and  yet  this  cellulose  will  keep 
the  water  out  and  maintain  the  ship  afloat.  That  is  a  form  of 
armor  which  we  might  use  in  this  country  without  the  expense  of 
great  steel  plants.  The  French  claim  that  this  cellulose  will  not 
deteriorate.  The  patent  consists  in  a  process  of  extracting  the 
glucose.  It  has  been  claimed  by  its  opponents  that  the  glucose  is 
not  thoroughly  extracted,  that  it  is  liable  to  decay  and  that  it  gives 
off  odors,  which  might  make  the  ship  a  very  unhealthy  place.  The 
*  Lieut.  U.  S.  N.     By  invitation. 
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cellulose  is  being  applied  in  the  Italian  and  French  navies ;  and 
English  shipbuilders  have  applied  it  to  some  of  their  ships.  It 
is  a  question  whether  it  is  really  serviceable,  but  those  Gover- 
ments  are  putting  it  in. 

In  order  to  emphasize  the  fact  that  the  cellulose  system  of  pro- 
tection is  being  adopted,  I  submit  the  following  list  of  vessels  in 
which  it  has  been  introduced  : 

First  Class  Steel  Cruisers — France. 

Xante.                   Displacement  tons.  Name.                 Displacement  tons. 

Sfax • 4,488       Dupuy-de-Lome 4,162 

Tage 7,045       Alger 4,123 

Amiral   Cecixle 5,706       Isly 4, 123 

Jean  Bart 4,162       Mogador 4,325 

Third  Class  Steel  Cruisers — France. 

Forbin 1,848       Lalande 1,877 

SuRCorp 1,818       Cosmas 1,848 

Trocde 1,877       Coetlogon 1,848 

Torpedo  Vessels — France. 

Condor 1,272  Tarpedo- Hunters. 

Eperyier 1,272  Bombe 321  tons 

FAUCOK 1,272  Coulecvrine 321  " 

Vautor  1,272  Dagbe 321  " 

Dragonke 321  " 

Fleche 321  " 

Lance 321  " 

Saint  Babbe 321  " 

Salve 321  " 

Italian  Vessels. 

Cruisers.  Tons. 

Giovanni  Bausan 3,008 — Built  at  Elswick,  England. 

Vesuvio 3,530        "      in  Italy. 

Etna 3,530 

Stbombom 3,530 

Fiermosca 3,745 

Angelo-Eato 2,700 — Built  at  Elswick,  England. 

There  are  no  heavily  armored  battle  ships  in  this  list,  but  it  is 
contemplated  in  new  designs  to  have  the  extremities  protected  by 
cellulose  armor. 

The  cellulose  is  packed  in  the  cells  and  the  inventor  has  applied 
the  term  "cofferdam"  to  designate  the  material  because  it  serves 
to  keep  the  water  out  of  a  breach  caused  by  a  projectile.  Its  speci- 
fic gravity  is  only  .08,  and  it  is,  therefore,  one  of  the  lightest  sub- 
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stances  known.  In  packing  the  cells  a  line  dust  arises  which  causes 
the  men  to  bleed  at  the  nose,  and  which  is  so  disagreeable  that  the 
men  can  only  work  in  it  for  a  short  space  ot  time. 

With  the  exception  of  an  occasional  newspaper  note,  very  little 
has  been  mentioned  about  this  cellulose  armor,  and  as  the  naval 
service  depends  upon  the  ingenuity  of  our  mechanical  engineers  to 
provide  floating  fighting  machines,  I  submit  these  few  remarks  with 
the  hope  that  it  may  lead  to  further  development,  and,  perhaps,  at 
some  critical  period  rescue  the  country  from  disaster. 

J//'.  Jos.  Morgan,  Jr. — Commander  Barber's  principal  criticism 
of  the  estimate  of  the  fortification  board  which  I  quoted  is  that  not 
enough  ships  and  torpedo  boats  were  provided  for.  Doubtless 
there  should  be  outer  lines  of  defense,  and  ships  and  torpedo  boats 
in  addition  to  those  estimated  for  by  the  fortification  board  should 
be  provided,  but  the  fortification  board  was  directed  by  Congress 
to  report  "  at  what  ports  fortification  or  other  defenses  are  most 
urgently  required,"  etc.  Their  business,  therefore,  was  not  to  re- 
port upon  naval  fleets  or  their  armament,  except  places  where 
floating  defenses  were  absolutely  essential.  I  think  the  board  did 
not  attempt  to  more  than  indicate  what  was  most  urgently  required. 
In  presenting  this  estimate  only,  they  judiciously  refrained  from 
increasing  the  cost  by  that  of  a  navy  of  armored  vessels.  To  have 
done  so  would  have  been  to  distract  the  attention  of  Congress  from 
the  defenses  most  urgently  required,  and  by  an  enormous  estimate 
have  defeated  all  appropriations  for  reasonable  and  immediate 
provision  for  coast  defenses.  If  Commander  Barber's  argument 
that  more  torpedo  boats  are  necessary,  be  admitted,  it  may  be  said 
they  are  an  element  of  the  defense  readily  provided  at  a  few  months' 
notice,  and  so  great  a  number  as  160  boats  would  be  sufficient  to 
afford  experience  to  a  large  corps  of  officers  and  men.  Examples 
being  ready  for  duplication  our  engine  and  small  ship  building 
shops  could  turn  out  these  boats  rapidly.  They  could  be  transported 
by  canal  or  rail  to  all  ports  when  needed.  The  expense  of 
doubling  or  trebling  the  number  of  boats  is  comparatively  small. 

The  position  of  the  fortification  board  on  the  subject  of  armor  is 
a  point  which  Commander  Barber  possibly  criticizes  justly.  They 
did  not  make  their  views  very  clear.  In  my  opinion  there  is  but 
one  line  of  progress  open,  and  that  is  the  development  of  forged 
steel  armor  by  proper  appropriations  and  experiments.  I  do  not 
want  to  be  understood  as  advocating  cast  iron  armor  for  our  coast 
defense.     It  seems  feasible  in  some  places  and  does  not  involve  so 
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much  outlay  or  preparation  for  its  manufacture  as  for  steel,  nor  so 
much  time.  As  to  steel  forts  cast  in  place,  any  plan  or  suggestion 
of  Sir  Henry  Bessemer  commands  the  respectful  attention  of 
engineers.  The  evident  objection  to  such  construction  or  any  other 
involving  large  steel  castings,  unforged,  untempered,  and  unannealed, 
is  that  from  lar^e  size  and  slow  cooling  the  steel  will  be  a  coarse- 
grained  mass  of  large  crystals  with  little  coherence  and  strength  to 
resist  impact,  little,  if  any,  superior  to  cast  iron.  It  is  suggested 
that  a  high  elastic  limit  is  the  desideratum  for  armor  and  other 
steel.  This  is  true,  if  accompanied  by  toughness  or  ductility,  and 
tempering  in  oil  has  that  object  in  view.  By  it  the  elastic  limit 
can  be  raised  to  the  highest  point  attainable  with  the  given  analy- 
sis of  steel.  The  elastic  limit  of  tempered  steel  is  far  above  that 
of  untempered.  The  raising  of  the  specific  gravity  is  accomplished 
best  by  forging.  The  Whitworth  compression  can  scarcely  be 
described  as  compression  from  the  bottom  of  the  ingot.  In  the 
apparatus  I  have  seen  and  which  is  described  by  Whitworth  in  his 
patent,  the  steel  is  poured  from  the  ladle  direct  into  a  metal  mold 
lined  with  refractory  material.  This  mold  is  transported  side- 
ways under  a  cap  and  above  a  hydraulic  press.  The  cap  is  lowered 
into  the  mold  upon  the  top  of  the  steel  and  fastened  by  tensile 
connections  to  the  base  of  the  press  below,  which,  being  put  in 
action,  lifts  the  mold  up  so  that  the  cap  connected  to  the  base  is 
pressed  upon  the  top  of  the  metal.  This  operation  I  have  never 
seen,  but  it  may  be  useful  in  preventing  the  formation  or  increase 
of  size  of  blow  holes  in  the  steel.  Whether  gas,  after  it  has 
once  formed,  can  be  driven  out  of  the  steel  through  the  chilled 
outer  skin  of  metal  is  a  mooted  point,  but  the  end  compression  of 
the  ingot  must  assist  the  work  of  longitudinal  shrinkage  and  prevent 
cracking  or  tearing  of  the  outer  tender  shell  of  partly  cooled 
metal,  and  also  by  shortening  the  cylindrical  ingot,  assist  the  flow 
of  the  liquid  metal  into  the  cavity  tending  to  form  in  the  center. 
It  is  likely  that  an  ingot  so  made  will  have  a  smaller  center  cavity 
than  one  cast  without  pressure.  The  pressure,  if  applied  to  the 
steel  while  fluid,  is  doubtless  distributed,  in  accordance  with  laws 
of  fluid  pressure,  equally  throughout  the  mass.  While  so  applied, 
in  my  opinion,  it  prevents  blow-holes  of  appreciable  size,  and  dur- 
ing later  stages  of  cooliug  prevents  cracks  from  shrinkage. 
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STEAM  AND  POWER;    THE    COMMERCIAL  DETERMI- 
NATION  OF  COSTS. 

BY  HENRY  R.    TOWSE,   STAMFORD,   CONN". 

(Member  of  the  Society.) 

The  accurate  determination  of  boiler  and  engine  efficiency  under 
the  varying  conditions  of  actual  use  has  been  the  subject  of  study 
and  discussion  by  engineers  ever  since  the  early  days  of  the  steam 
engine.  Although  authorities  differ  in  regard  to  matters  of  detail, 
there  is  a  general  consensus  of  views  as  to  the  proper  methods  for 
making  accurate  tests,  both  of  boilers  and  engines.  In  all  cases  it 
is  a  good  plan  to  have  accurate  tests  of  this  kind  made  occasionally, 
as  conducive  to  the  discovery  of  unsuspected  sources  of  loss,  and 
as  tending  to  promote  further  economy  in  the  management  of 
steam  plant. 

Tests  of  the  kind  above  referred  to,  being  both  troublesome  to 
arrange  for  and  expensive  to  conduct,  are  necessarily  resorted  to 
only  occasionally.  In  all  large  establishments,  however,  it  is  de- 
sirable to  obtain,  by  some  continuous  method,  reasonably  accurate 
indications  concerning  the  operation  and  management  of  steam 
plant.  Desiring  to  effect  this  in  the  establishment  under  his  man- 
agement, the  writer  has  arranged  and  adopted  the  system  de- 
scribed below.  It  has  now  been  in  use  for  some  fifteen  months,  and 
having  proved  satisfactory  and  useful,  it  is  thought  that  a  descrip- 
tion of  it  may  be  of  interest. 

The  conditions  of  the  case  in  question  may  be  briefly  summa- 
rized as  follows:  The  steam  plant  in  the  establishment  referred  to.* 
consists  of  a  battery  of  6  tubular  boilers,  each  rated  commercially 
at  60  horse-power,  of  which  usually  only  4  are  in  use  during  the 
summer,  and  5  during  the  winter  months;  of  a  Harris-Corliss 
steam  engine,  having  a  cylinder  20"  diameter  and  42"  stroke,  run- 
ning 72  revolutions  per  minute,  with  about  60  pounds  boiler  press- 
ure, and  developing  120  horse-power ;  also  of  a  pump,  connected 

*  The  works  of  The  Yale  &  Towue  Manufacturing  Company,  Stamford,  Conn. 
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with  an  artesian  well  and  operated  continuously  during  working 
hours.  The  steam  generated  is  utilized  for  power,  for  pumping, 
and  for  heating,  and  its  cost  is,  therefore,  to  be  divided  between 
these  three  items.  The  measuring  and  observing  instruments  con- 
sist of  an  indicator,  which  is  connected  to  the  engine  on  one  day  of 
each  week,  during  which  day  6  or  7  cards  are  taken  at  about  equal 
intervals  of  time;  of  a  water  meter,  for  indicating  the  amount  of 
feed  water  supplied  to  the  boilers ;  and  of  a  counter  attached  to 
the  deep  well  pump  by  which  the  amount  of  water  raised  is  com- 
puted. The  weight  of  coal  consumed  is  computed  by  counting 
the  barrows  as  wheeled  in,  they  being  always  loaded  equally,  as 
nearly  as  can  be  determined  by  the  eye.  The  only  important 
assumption  in  the  calculations  is  that  relating  to  the  amount  of 
water  evaporated  per  horse-power  per  hour,  which  is  taken  at  30 
pounds. 

Appended  hereto  is  a  transcript  of  the  blank  form  of  report  ar- 
ranged by  the  writer,  and  in  use  at  the  works  referred  to,  neces- 
sarily condensed  in  size  for  convenience  in  printing. 

Page  1.  This  comprises  so  much  of  the  record  as  relates  to  the 
boilers  and  fuel.  The  latter  consists,  in  this  case,  of  bituminous 
slack  and  anthracite  dust,  mixed  in  the  proportion  of  about  one  to 
three  or  four.  Each  lot  of  coal  as  delivered  in  the  yard  has  a  small 
placard  placed  on  it  bearing  a  number  by  which  the  lot  may  be 
identified.  The  purpose  of  this  is  to  enable  the  purchasing  agent 
to  be  correctly  informed  as  to  the  quality  of  each  lot  purchased,  as 
a  guide  to  him  in  regard  to  values  in  future  transactions,  and  also 
as  a  means  of  checking  the  weight  of  fuel  burned  as  reported  by 
the  engineer.  A  small  amount  of  cinders  and  coke  screenings  is 
also  burned,  in  order  to  get  rid  of  them,  the  proportion  of  these 
varying  from  3  to  10  per  cent,  of  the  total  ftfel.  The  value  of  this 
latter  fuel  is  inserted  at  an  arbitrary  price  per  ton.  The  value  of 
the  two  kinds  of  coal  is  inserted  at  the  actual  cost  of  each.  Fi- 
nally, a  considerable  quantity  of  chips  and  shavings  is  burned  (in 
order  to  get  rid  of  them),  the  value  of  which,  as  a  fuel,  is  determined 
by  assuming  that  during  each  hour  in  which  it  is  used  under  a 
boiler,  its  value  is  equal  to  the  value  of  the  coal  fuel  required  to 
run  the  same  boiler  an  equal  length  of  time.  Columns  are  pro- 
vided for  indicating  the  number  of  hours  during  which  the  boilers 
are  in  use,  whether  under  fire  or  banked. 

Page  2.  This  contains  the  record  indicating  the  use  of  steam. 
It  shows  the  number  of  hours  run  by  the  main  engine;  the  niim- 
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ber  of  strokes  of  the  deep  well  pump  (from  which  its  duty  is 
calculated) ;  the  number  of  hours  during  which  the  steam  is  ad- 
mitted to  the  buildings  for  heating  purposes,  and  the  amount  of 
opening  of  the  valves.  A  record  is  also  kept  of  the  temperature, 
wind,  and  weather. 

Page  3.  This  contains,  first,  a  record  of  the  indicated  horse-power 
of  the  engine.  To  ascertain  this,  the  indicator  is  connected  early 
each  Saturday,  and  cards  are  taken,  during  running  hours,  at  9,  10, 
and  11  a.m.,  and  at  2,  3,  and  4  p.m.,  thus  giving  6  observations  each 
Saturday,  or  a  total  of  24  per  month.  The  mean  of  these  is  as- 
sumed to  indicate  the  average  horse-power  developed  during  work- 
ing hours.  Two  other  cards  are  also  taken  each  Saturday,  just 
after  the  close  of  work  at  noon  and  in  the  evening,  in  order  to  as- 
certain the  horse-power  required  when  all  the  machine  tools  are 
disconnected.  The  purpose  of  this  is  to  enable  any  unusual  in- 
crease in  the  amount  of  power  required  to  operate  the  line  shaft- 
ing, and  the  machinery  permanently  connected  therewith,  to  be 
detected,  and  the  cause  investigated  and  if  possible  corrected.  The 
large  amount  of  power  required  "  after  working  hours"  in  this  in- 
stance, is  due  to  the  fact  that  some  10  or  12  rotary  fans,  several  of 
them  being  of  large  size,  are  in  constant  use,  and  are  permanently 
connected  with  the  line  shafting.  The  works  employ  from  six  to 
seven  hundred  hands,  and  as  the  buildings  are  large,  and  are  sepa- 
rated by  yards  of  considerable  size,  the  transmission  of  power  to 
the  several  buildings  involves  a  very  considerable  length  of  shaft- 
ing, and  the  use  of  numerous  jack-shafts,  mule-pulleys,  etc. 

On  page  3  is  given  also  a  table  showing  the  cost  of  water 
pumped  from  the  artesian  well.  The  total  number  of  .gallons 
pumped  is  ascertained  accurately.  The  cost  of  raising  this  is  as- 
sumed at  five  cents  per  thousand  gallons,  this  arbitrary  figure 
being  based  upon  well-established  facts  relating  to  the  cost  of 
raising  water  by  power  to  a  given  height. 

On  page  3  is  also  given  a  summary  of  tLe  cost  of  fuel,  showing 
the  percentage  of  each  kind  of  fuel  used,  and  the  cost  thereof  per 
ton,  and  finally  the  total  cost  of  fuel  burned. 

Page  4.  This  contains  an  analysis  of  the  use  of  steam,  showing 
the  average  weight  of  fuel  burned  per  square  foot  of  grate  per 
hour,  the  average  evaporation  per  square  foot  of  grate  per  hour, 
and  also  per  pound  of  fuel  burned.  The  aggregate  horse-power 
developed  during  the  month,  is  then  determined,  and  the  evapora- 
tion being  assumed  at  thirty  pounds  of  water  per  horse-power  per 
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hour,  the  total  gallons  of  water  chargeable  to  the  engine  is  thus 
ascertained.  The  number  of  gallons  of  water  pumped  from  the 
well  being  stated,  the  amount  of  water  evaporated  in  the  boilers  in 
order  to  supply  the  steam  needed  for  lifting  the  water  pumped 
from  the  deep  well  is  ascertained  by  multiplying  the  former  figure 
by  an  arbitrary  multiplier,  or  equivalent,  indicating  the  proportion 
of  a  gallon  of  water  of  evaporation  required  to  raise  one  gallon  of 
water  from  the  well  under  the  stated  conditions.  Finally,  the 
amount  of  water  evaporated  which  is  chargeable  to  heating  pur- 
poses is  assumed  to  be  that  remaining  out  of  the  total,  after  de- 
ducting from  the  latter  the  amount  chaiguable  to  the  engine  and 
to  pumping.  These  figures  are  then  utilized  in  the  table  which 
follows,  and  which  indicates  the  percentage  of  steam  chargeable  to 
power,  to  pumping,  and  to  heating. 

At  the  foot  of  page  4  is  a  similar  table,  in  which  are  given  the 
actual  amounts  of  all  other  expenditures  for  steam  and  for  power. 
The  total  cost  of  steam  being  thus  ascertained,  it  is  distributed 
between  power,  pumping,  and  heating  in  the  ratios  previously  de- 
termined, as  explained  above.  The  total  cost  of  power  is  then  as- 
certained by  adding  to  its  portion  of  the  charges  for  steam  the  ex- 
penditures for  wages  and  supplies. 

The  information  thus  obtained  is  utilized  to  enable  an  exact 
distribution  of  charges  for  power,  water,  and  heat,  to  be  made 
among  the  several  departments  of  the  works  in  which  this  system 
is  now  in  use.  For  this  purpose  a  careful  determination  was  made 
of  the  proportionate  part  of  the  power,  which,  under  average  con- 
ditions, is  required  in  each  of  the  several  departments  of  the  works. 
In  like«manner,  by  carefully  ascertaining  the  cubic  contents  of  each 
room,  the  amount  of  window  surface,  etc.,  the  proportionate 
amount  of  steam  required  for  heating  each  has  been  determined. 
The  further  use  of  steam  for  manufacturing  purposes  (for  heating 
kettles,  etc.),  being  known,  it  thus  becomes  possible  at  the  end  of 
each  month  to  make  an  accurate  distribution  to  each  department 
of  the  charges  against  it  for  power,  for  heating,  and  for  steam  for 
manufacturing  purposes.  By  providing  water  and  gas  meters  for 
each  of  the  principal  departments  of  the  works,  an  accurate  deter- 
mination of  the  charges  for  these  accounts  is  also  arrived  at..  Fi- 
nally, a  summary  of  all  the  charges  above  referred  to,  is  made  on 
a  separate  form,  as  shown  below,  by  means  of  which  each  depart- 
ment can  be  charged  monthly  with  the  actual  cost  of  these  several 
items,  ascertained  and  distributed  with  a  degree  of  accuracy  quite 
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MONTHLY  CHARGES  FOR 
POWER,  HEAT,  STEAM,  WATER,  AND  GAS. 


c/at     (fa<nuaty;     Jfff. 


Department. 

Power. 

Heat. 

Live  Steam. 

Water. 

Gas. 

A 

$126  53 

56  24 

11  25 

9  84 

14  06 

37  96 

8  44 

4  22 

8  44 

2  81 

1  40 

$62  08 

103  46 

12  07 

6  90 

24  14 
43  11 
32  76 

25  86 
6  90 
8  62 
1  72 

5  17 
3  45 
1  72 

6  90 

$44  20 

2  60 

3  90 

78  00 
1  30 

$27  00 
12  60 

6  30 

4  50 

5  40 

7  65 

6  30 
6  30 
3  15 
2  70 

1  35 

2  70 
2  25 

1  80 

$78  17 

B 

7  92 

B 

2  16 

C 

18  49 

D 

1  80 

E 

3  24 

F 

9  95 

F 

12  80 

G 

1  26 

H 

J 

2  84 
2  84 

K 

9  40 

L 

6  27 

M 

N 

P 

Q 

3  24 
5  76 

Totals 

$281  19 

$344  86 

$130  00 

$90  00 

$166  14 

sufficient  for  all  ordinary  commercial  purposes,  and  obtained  with- 
out resort  to  any  special  or  expensive  methods  of  observation. 

To  enable  the  operation  of  this  system  to  be  more  easily  under- 
stood, the  two  blank  forms  which  are  appended  are  given  with  the 
actual  figures  inserted  as  taken  from  the  records  for  the  month  of 
January,  1887.  The  blanks  required  in  other  establishments, 
would  doubtless  require  some  modification  from  those  here  given, 
in  order  to  adapt  them  to  altered  conditions.  In  the  main,  how- 
ever, it  is  believed  that  the  method  herein  shown  is  substantially 
correct,  and  that  it  offers  an  inexpensive  and  reliable  basis  for  the 
accurate  distribution  of  an  important  group  of  expense  accounts  in 
any  business  using  a  steam  plant,  and  in  which  it  is  desirable  to 
apportion  the  cost  thereof  among  different  shops  or  departments. 
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DISCUSSION. 

3fr.  James  E.  Denton. — I  would  like  to  ask  the  author  if  the 
amount  of  water  used  by  the  engine  and  the  amount  of  evapora- 
tion of  the  boiler  per  pound  of  fuel  and  water  per  horse-power  of 
engine  are  given  by  this  report.  I  presume  for  his  purposes  these 
data  are  not  of  any  particular  interest,  but  to  one  situated  as  I  am, 
desirous  of  collecting  reliable  data  about  the  duty  of  engines  and 
boilers,  it  seems  to  me  that  a  record  of  this  kind  is  likely  to  give 
us  information  of  a  great  deal  more  value  than  isolated  tests  do, 
and  I  should  be  interested  in  knowing  on  this  account.  I  should 
also  like  to  know  if  Mr.  Towne  can  use  his  meter  for  a  long  time 
without  testing  its  accuracy.     Is  it  a  meter  of  approved  type  ? 

Mr.  Towne. — Yes,  sir. 

Mr.  Denton. — "We  have  been  using  one  for  some  time  and  I  find 
it  is  necessary  to  make  a  little  by-pass  to  test  this  meter  from  hour 
to  hour.  We  recently  fitted  up  a  tug-boat  for  some  thesis  work  and 
we  found  that  the  meter  gave  115  pounds  to  the  cubic  toot  and,  on 
opening  it,  we  found  the  slide  valve  was  sprung.  I  should  think  it 
very  necessary  to  check  the  meter  by  arranging  it  so  that  at  an}T 
moment  the  meter  might  stop  the  feeding  of  the  boiler  and  deliver 
a  known  number  of  cubic  feet  on  a  platform  scale.  I  want  to  say 
in  this  connection  that  I  think  the  only  figures  of  any  value  prac- 
tically for  distinguishing  between  the  duties  of  engines  and  boilers 
must  come  from  records  of  this  kind  which  go  on  from  day  to 
day.  I  believe  that  isolated  tests  of  boilers,  ten  hours  at  a  time, 
are  prone  to  errors  which  constantly  arise  and  keep  our  records  danc- 
ing up  and  down  without  our  being  able  to  get  any  satisfactory  de- 
ductions from  them.  I  should  therefore  like  to  see  figures  resulting 
from  such  arrangements  as  this  put  in  the  scientific  units.  Mr.  Towne 
speaks  of  the  cost  of  maintaining  this  system  being  a  trifle.  I  should 
like  to  know  how  much  that  was.  It  strikes  me  that  such  a  detail 
as  this,  kept  up  perfectly,  must  be  a  strain  on  some  one,  and  would 
take  quite  a  fraction  of  one  man's  time  to  attend  to  it.  I  believe 
that  any  record  in  a  manufacturing  establishment  which  gives  units 
for  comparison,  if  the  work  is  at  all  uniform  and  the  comparison  can 
be  made  to  stimulate  the  attendants  from  day  to  day  by  getting 
closer  and  closer  to  desirable  results,  is  bound  to  be  an  important 
feature  in  manufacturing.  "Where  mill- work  is  uniform,  competi- 
tion is  very  close  as  to  coal,  and  the  practice  of   using  scales  for 
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weighing  coal  is  becoming  more  general  every  day,  and  I  have  seen 
very  useful  results  come  from  that.  I  attempted,  in  some  tunnel- 
ing operations  with  which  I  was  connected  last  year,  to  apply  a 
system  of  this  kind  to  the  cost  of  powder,  drilling,  mucking,  hoist- 
ing, etc.,  to  greater  extent  regarding  detail  than  is  usual,  and  I  found 
we  could  not  find  results  to  offset  the  cost  except  while  a  number 
of  gangs  were  working  under  similar  circumstances,  so  that  our  data 
could  stimulate  one  against  the  other.  Then  it  appeared  to  have  a 
usefulness  which  paid  for  its  cost.  If  competition  can  be  brought  to 
bear,  I  think  such  elaborate  systems  of  records  always  have  a  money 
value  as  profit. 

Mr.  George  H.  Bdbcock. — I  notice  a  point  of  some  interest  to  us 
as  giving  a  partial  answer  to  a  topical  inquiry  at  our  last  meeting, 
which  was,  "  How  much  power  have  you  found  it  to  take  to  drive 
machine  tools  ? "  We  have  here  a  machine  shop  of  some  size,  and 
we  have  the  indicated  horse-power  given.  We  find  on  the  eighth 
page  that  the  total  horse-power  required  to  drive  the  shop  is 
135.05,  while  that  taken  to  drive  shafting  and  blowers  is  66.81, 
leaving  68.24  horse-power  to  drive  the  machine  tools.  It  is  also 
stated  that  there  are  700  men  employed.  You  will  see  that  this  is 
a  little  less  than  a  horse-power  for  ten  men,  which  was  the  esti- 
mate I  gave  roughly  at  that  time  as  a  fair  approximation. 

Mr.  II.  M.  Towne. — In  regard  to  measuring  the  feed  water  I 
may  say  that  that  was  done  by  a  meter  made  of  brass,  especially 
for  the  purpose  by  the  manufacturers,  and  that  wTe  have  had  a  great 
deal  of  trouble  with  it.  The  meter  has  been  returned  two  or  three 
times  for  repairs,  and  I  think  has  just  recently  come  back  again 
from  the  makers.  The  complaint  at  first  on  their  part  was  that  our 
water  must  have  sand  or  grit  of  some  kind  in  it,  but  such  is  not  the 
case.  We  have  changed  its  position  twice  to  meet  their  views,  but 
with  no  benefit  yet,  and  I  am  unable  to  account  for  this  constant 
trouble,  unless  it  is  inherent  in  the  system  of  meter  construction. 
Water  passes  through  the  meter  at  a  temperature  of  about  212. 

The  cost  of  keeping  this  record  is  correctly  stated  in  the  paper  as 
being  trifling.  All  of  the  original  entries  are  made  by  the  en- 
gineer, the  man  who  has  charge  of  the  engine  and  boilers,  and  are 
entered  by  him  on  a  report  blank,  just  as  a  marine  engineer  keeps 
his  log.  The  boiler  entries  occupy  daily  probably  five  or  ten  min- 
utes, spread  over  the  day,  and  practically  give  the  engineer  so  slight 
an  addition  to  his  duties  that  he  does  not  notice  it. 

The  other  work,  namely,  of  digesting  the  record  and  reducing  it 
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to  the  form  needed  for  use  is  attended  to  in  the  office  and  requires 
to  be  done  by  an  intelligent  and  careful  person,  but  it  does  not  oc- 
cupy more  than  about  one  hour  of  his  time  once  a  month,  and 
justifies,  therefore,  I  think,  the  statement  that  it  is  trifling  in  cost. 
Referring  to  the  blank  forms  which  are  printed  in  the  paper,  I 
might  explain  further  that  the  first  page  contains  the  fuel  rec- 
ord. It  is  a  blank  large  enough  to  give  a  line  for  each  day  of 
the  month  with  space  for  the  entries  to  be  made  comfortably,  in 
pencil  or  injk,  by  the  engineer.  In  this  he  enters  every  day  the 
amount  of  coal  burned  and  certain  other  particulars  which  are 
shown.  On  the  next  page,  which  is  also  kept  by  him,  is  the  steam 
record  of  each  day,  showing  the  number  of  hours  during  which  the 
engine  is  run,  the  amount  of  back-pressure  on  the  exhaust  in  win- 
ter for  heating  purposes,  the  amount  of  opening  of  the  different 
valves  for  heating  and  for  passing  steam  for  manufacturing  purposes, 
and  also  a  record  of  the  strokes  made  by  the  supply  pumps.  On 
the  third  page  the  engineer's  record  is  completed  by  noting  the  in- 
dicated horse-power  of  the  engine,  which  is  taken  on  one  day  of 
each  week  at  intervals  of  two  hours,  or  a  little  less.  We  get  an 
average  of  six  or  eight  cards  during  the  day  on  one  day  in  each 
week.  The  engineer,  by  the  way,  is  provided  not  only  with  an 
indicator  but  with  a  planimeter  for  computing  the  result  of  the 
cards,  and  these  entries  are  made  by  him,  and  also  the  record  of  the 
total  number  of  strokes  of  the  supply  pumps.  The  feed-water 
record  is  kept  on  the  opposite  page,  and,  having  these  data,  it  is  a 
very  simple  matter  to  deduce  from  them  the  other  items  which  are 
of  interest.  In  the  first  place  we  make  up  the  commercial  account, 
showing  the  amount  of  coal  of  each  kind  burned,  and  ascertain  the 
actual  cost  of  that  coal  from  the  bills,  thus  showing  each  month  the 
total  cost  of  fuel,  the  average  cost  per  ton,  and  the  ratio  between 
the  two  kinds  of  coal  used,  which  consist,  in  this  case,  of  anthracite 
dust  and  bituminous  slack,  burned  in  the  ratio  of  three  or  four  to 
one.  On  the  fourth  page  are  deduced  from  the  preceding  record 
such  items  as  the  average  weight  of  fuel  consumed  per  square  foot 
of  grate  per  hour,  average  evaporation  of  water  per  square  foot  of 
grate  per  hour,  average  evaporation  of  water  per  pound  of  fuel 
burned,  and  the  total  number  of  gallons  evaporated.  We  then  take 
the  horse-power  of  the  engine,  as  given  by  the  indicator,  determine 
its  aggregate  for  the  month  and  deduce  the  total  amount  of  water 
which  has  been  pumped  and  used  for  power.  In  like  manner  the 
counter  on  the  supply  pumps  indicates  the  amount  of  water  raised 
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for  all  purposes  through  the  works,  and  an  arbitrary  coefficient  is 
taken  as  representing  the  cost  of  raising  that  water,  since  it  is 
simply  so  many  foot-pounds  of  work  done.  This  is  easy  to  do  and  is 
sufficiently  exact.  The  amounts  of  water  used  for  pumping  and 
for  furnishing  steam  for  power  are  put  together  and  their  sum  sub- 
tracted from  the  total  amount  of  water  pumped  into  the  boilers, 
the  remainder  being  assumed  to  have  been  used  for  generating 
steam  for  other  purposes,  namely,  heating  and  manufacturing.  The 
total  cost  of  steam  is  thus  divided  into  three  proportionate  parts. 
Its  actual  cost  in  money  is  ascertained  by  adding  together  the 
charges  for  fuel,  wages,  water,  and  repairs,  as  shown  at  the  foot  of 
page  four,  amounting  in  this  case  to  $670.  Now,  the  figures  al- 
ready obtained  give  the  division  of  that  into  three  heads,  viz., 
power,  pumping,  and  steam  used  for  other  purposes  than  power  or 
pumping;  and  taking  these  proportionate  parts,  you  can  at  once  di- 
vide the  money  value  into  three  items.  Having  thus  ascertained 
the  cost  of  steam  used  for  power,  it  is  entered  in  the  last  column  of 
the  fourth  page.  To  it  is  added  the  wages  chargeable  to  power, 
the  cost  of  oil,  water,  gas,  sundry  repairs,  etc.,  the  sum  of  these  items 
giving  the  total  cost  of  power. 

I  think  the  use  of  the  tables  will  be  clear  from  an  examination  of 
them  by  any  one  accustomed  to  the  use  of  steam. 

Mr.  Denton. — Does  it  not  take  a  great  deal  of  time  to  figure  that 
out  ? 

Mr.  Towne. — One  hour  a  month.  The  entries  are  easily  made 
by  the  engineer  from  day  to  day,  which  he  does  at  intervals  during 
his  work  when  he  would  otherwise  have  nothing  to  do,  and  it  costs 
nothing. 

41 
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CCLVI. 

A  PROBLEM  IN  PROFIT-SHARING. 

BY    WILLIAM    KENT,    NEW    TORK    CITY, 

(Member  of  the  Society.) 

If  we  admit  that  sharing  of  profits  among  the  workmen  in  a 
manufacturing  establishment  will  be  of  benefit  both  to  employers 
and  employed,  and  so  in  some  degree  tend  toward  a  solution  of 
the  labor  question,  on  what  basis  should  profits  be  divided  among 
workmen  in  a  business  in  which  the  profits  or  losses  depend  rather 
upon  the  efficiency  of  the  selling  department  of  the  business  than 
upon  that  of  the  manufacturing  department? 

Suppose  the  following  hypothetical  case  :  Three  manufacturing 
companies  A,  B,  and  C,  each  produce  per  year  100,000  of  an  article 
which  under  average  conditions  costs  $1  for  labor,  material,  and 
shop  expenses.  It  is  sold  by  expensive  advertising,  the  employ- 
ment of  agents  on  high  salaries  and  commissions,  and  the  giving  of 
large  discounts.  These  selling  expenses  cost  $100,000  per  year, 
and  the  selling  price  of  the  article  is  $2.10.  All  three  concerns 
being  on  the  same  footing,  each  makes  10  cents  profit  on  each 
article,  or  $10,000  in  one  year.  Suppose  that  the  next  year,  through 
.competition  or  other  cause,  the  average  selling  price  is  reduced 
to  $1.50. 

A,  in  the  hope  of  cheapening  production,  introduces  the  profit- 
sharing  system,  and  in  the  expectation  of  sharing  the  profits  of 
the  manufacture,  the  workmen  became  so  much  more  efficient  that 
the  cost  of  production,  for  material,  labor,  and  shop  expenses,  is 
reduced  to  75  cents,  the  daily  stipulated  wages  of  the  men  being 
reduced  5  per  cent,  and  the  amount  of  production  being  in- 
creased 25  per  cent.  The  selling  organization  and  expense  re- 
mains the  same  as  the  preceding  year,  costing  8100,000,  or  80 
cents  on  each  of  the  125,000  articles.  The  total  cost  for  produc- 
tion and  sale  is  therefore  $1.55,  or  five  cents  more  than  the  sell- 
ing price,  making  a  loss  on  the  year's  business  of  86,250,  and  no 
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profits  to  be  divided  among  the  workmen,  although  their  wages 
were  reduced  5  per  cent  in  expectation  of  such  profits. 

B  puts  in  better  machinery,  runs  overtime,  pays  its  workmen 
the  same  wages  as  before,  and  doubles  its  product.  The  greater 
efficiency  of  the  machinery,  and  the  dividing  of  shop  expenses  by 
a  larger  product,  reduces  the  cost  of  production  to  80  cents. 
Mure  liberal  advertising  and  more  agents  increase  the  selling  ex- 
pense  to  $120,000  per  year,  which,  divided  by  200,000  articles 
sold,  is  60  cents  each.     The  profit  and  loss  account' then  shows: 

200,000  manufacturing  cost  at  80c $160,000 

do       selling  expense  cost  at  60c : . . .  .120,000 

$280,000 
do       sold  at  $1.50 300,000 

Profit $20,000 

C  thinks  its  selling  department  costs  too  much,  cuts  down  sala- 
ries, commissions,  and  advertising  to  such  an  extent  that  the 
yearly  expense  of  the  selling  department  is  reduced  to  840,000. 
It  consequently  does  not  increase  the  quantity  of  its  business  as 
A  and  B  did,  but  sells  the  same  number  as  before,  100,000.  No 
change  being  made  in  the  manufacturing  department  the  article 
costs,  as  before,  $1.00  each.     Result: 

100,000  manufacturing  cost  at  $1.00 $100,000 

do.      selling  expenses  at  40c 40,000 

$140,000 
do.      sold  at  $1 . 50 150,000 


Profit $10,000 

Comparing  the  results  briefly,  A  has  the  most  efficient  work- 
men, who  give  up  five  per  cent,  of  their  wages,  and  reduce  the 
cost  of  production  25  per  cent.,  yet  these  workmen,  through  no 
fault  of  their  own,  get  no  profits,  and  less  wages  than  the  work- 
men of  B  and  C.  B  and  C  both  pay  their  workmen  as  before, 
and  both  make  a  profit  through  the  adoption  of  two  exactly  oppo- 
site lines  of  policy,  B  spending  money  more  liberally,  O  cutting 
down  expenses. 

Does  not  this  hypothetical  case,  which  is  not  at  all  unlike  cases 
which  continually  happen  in  actual  business,  show  that  if  profit- 
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sharing  be  adopted  in  a  manufacturing  business,  in  which  the 
selling  of  the  articles  produced  is  entirely  separate  from  the  mak- 
ing of  them,  that  the  share  of  the  workmen  should  be  calculated 
not  on  the  profits  of  the  whole  business,  but  on  the  savings  in  the 
manufacturing  department  alone  ? 

The  workmen  of  A  were  entitled  to  a  share  in  the  saving  of  25 
per  cent,  which  they  made  in  the  cost  of  manufacturing,  and  if  the 
selling  department  had  been  managed  like  those  of  either  B  or 
C  they  would  have  obtained  it.  Had  B  and  C  adopted  the  profit- 
sharing  system  in  addition  to  their  change  of  policy  in  the  selling 
departments,  their  profits  would  have  been  still  greater,  for  their 
cost  of  production  would  have  been  reduced. 

The  following  is  suggested  as  a  fair  basis  for  profit-sharing: 
From  the  statistics  of  a  year's  production  in  the  establishment 
make  an  estimate  of  the  cost  for  labor  and  shop  expenses  of  the 
articles  manufactured.  Call  this  the  maximum  allowable  cost  for 
the  next  year.  Pay  the  men  the  same  daily  wages  as  before,  and 
at  the  end  of  the  year  pay  them  in  addition  a  certain  percentage, 
which  was  agreed  on  in  the  beginning  of  the  year,  of  the  difference 
between  the  maximum  allowable  cost  and  the  actual  cost,  if  there 
has  been  a  savins;.  It  might  be  fair  to  deduct  from  the  maximum 
cost  in  this  calculation  any  saving  which  is  clearly  due  to  the  in- 
troduction of  new  machinery  or  to  the  expenditure  of  capital,  and 
not  to  increased  efficiency  of  workmen. 

The  following  is  an  example  under  this  method : 

No.  of  pieces  made.  Material. 

1st  year..  100,000        $20,000 

Each  piece  costs        20c. 

2d  year...  150, 000         30,000 

Each  piece  costs  20c. 

Maximum  allowable  cost  for  labor  and  shop  expenses  150,000  at    80c.  $120,000 

Actual  cost 150,000  at    60c.     90,000 

Saving $30,000 

This  saving  of  $30,000  is  to  be  divided  between  the  employers 
and  employees  in  proportions  previously  agreed  upon.  -The  shop 
expenses,  including  rent,  taxes,  insurance,  gas,  fuel,  wages  of 
superintendents  and  clerks  in  manufacturing  department,  and 
wear  and  tear  of  machinery,  are  properly  included  in  the  amount 
upon  which  savings  should  be  calculated,  since  if  the  total  cost  of 
these  is  a  fixed  sum  per  year,  the  cost  per  piece  produced  depends 


Labor.    Shop  Expenses. 

Total.    Labor  and  s.  ex.  only 

$60,000         $20,000 

$100,000      $80,000 

60c.              20c. 

$1.00           80c. 

70,000          20,000 

120,000        90,000 

463C             13^c. 

80c.            60c. 
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upon  the  number  of  pieces  made,  and  hence  to  a  great  extent 
upon  the  efficiency  of  the  workmen.  The  cost  of  raw  material  is 
not  included,  because  this  cost  depends  upon  fluctuations  of  the 
market,  and  to  some  extent  upon  the  foresight  and  judgment  of 
the  purchasing  department,  and  generally  not  upon  the  efficiency 
of  the  workmen.  Material  spoiled  by  the  workmen,  or  excessive 
waste  of  material,  might,  however,  be  charged  as  part  of  the  cost 
of  labor. 

By  this  method  of  profit-sharing,  the  profits  to  be  divided 
among  the  workmen  are  the  profits  which  they  make  themselves 
by  more  rapid  work,  by  carefulness  in  avoiding  waste  of  time  and 
materia],  and  by  general  increase  of  skill.  It  removes  the  most 
serious  objection  to  the  general  principle  of  profit-sharing,  that  it 
is  easy  for  the  capitalist  to  share  profits  with  his  workmen,  but 
impossible  for  the  workmen  to  share  in  the  losses  which  the  capital- 
ist must  bear  himself.  It  makes  the  workmen  share  the  losses  if 
there  are  any  in  the  manufacturing  department,  in  which  depart- 
ment alone  the  workman  is  concerned.  He  shares  neither  the  pro- 
fits nor  the  losses  of  the  purchasing  and  the  selling  departments, 
with  which  he  has  nothing  to  do. 

The  writer  is  not  aware  that  the  plan  herein  suggested  has  ever 
been  tried,  but  thinks  it  likely,  in  view  of  the  numerous  experi- 
ments which  have  been  made  with  profit-sharing  in  various  forms, 
that  it  may  have  been  tried  somewhere.  If  so,  he  would  be  glad 
to  learn  what  were  its  results  in  actual  experience.  . 

DISCUSSION. 

Mr,  Wm.  Hevritt. — This  is  certainly  a  common-sense  and  concise 
way  of  presenting  this  important  problem,  and  Mr.  Kent's  sugges- 
tion as  to  the  basis  on  which  such  a  division  of  the  profits  should 
be  made  is  no  doubt  very  fair  and  just,  but  the  question  arises  as 
to  the  practicability  of  such  a  scheme.  Who  is  to  determine  what 
the  material  costs?  If  such  a  system  were  adopted,  the  employees 
of  course  would  naturally  wish  to  be  satisfied  as  to  the  correctness 
of  the  estimates,  and  this  might  be  a  difficult  thing  to  do  in  certain 
cases.  Where  a  concern  is  manufacturing  a  solitary  article,  the 
cost  of  which  can  be  determined  with  accuracy,  the  scheme  would 
no  doubt  be  feasible;  but  where  a  concern  manufactures  a  variety 
of  articles,  would  it  not  lead  to  as  many  disputes  as  now  occur 
under  the  existing  relations  between  capital  and  labor?     Whatever 
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the  result  might  be,  a  scheme  of  this  kind  should  certainly  not  be 
applied  with  any  idea  of  obtaining  labor  at  lower  rates  than  the 
market  commands,  but  solely  for  the  purpose  of  increasing  its 
efficiency;  and  this  is  what  I  understand  to  be  the  purport  of  Mr. 
Kent's  suggestion.  To  a  man  who  is  paid  by  the  day,  of  course  it 
is  an  incentive  for  him  to  be  more  energetic  and  less  wasteful  ; 
but  for  a  man  who  is  paid  by  the  piece, the  matter  does  not  possess 
the  same  significance.  Such  men  usually  do  their  best  anyhow, 
not  to  mention  frequent  spurts  ;  and  all  the  incentives  which  could 
be  offered  them  would  produce  no  better  results,  as  far  as  quantity 
is  concerned.  The  only  incentive  which  the  profit-sharing  system 
would  have  to  this  class  is  to  do  better  work  or  decrease  the  amount 
of  waste.  The  natural  inference,  therefore,  is  that  it  is  a  better 
policy  to  pay  by  the  day,  and  give  the  workmen  the  benefit  of  the 
difference  between  the  actual  and  maximum  allowed  cost.  The 
determination  of  the  latter  would  open  as  many  questions  for  dis- 
cussion between  employers  and  employees  as  the  determination  of 
the  schedule  of  wages.  "Would  the  advantages  be  worth  the  effort 
and  would  not  the  tendency  be  for  the  employers  to  make  the  dif- 
ference between  the  actual  and  maximum  cost  as  small,  and  the 
employees  to  make  it  as  great  as  possible?  With  the  increased 
efficiency  in  the  men  which  such  a  sjrstem  of  profit-sharing  might 
effect,  the  old  estimates  on  which  the  original  maximum  cost  was 
based  would  lose  much  of  their  significance  in  the  lapse  of  time, 
and  the  general  tendency  would  be,  I  think,  for  this  figure  to  de- 
crease. The  conditions  which  would  govern  such  decrease  would 
depend  largely  on  the  skill  of  the  men,  and  the  improvements  in 
mechanical  appliances  which  may  be  introduced  ;  and  the  question 
arises,  wrould  the  decrease  in  the  actual  cost  be  proportionate!}7  as 
great?  In  other  words,  would  not  the  actual  and  maximum  costs — 
like  wrater — tend  to  a  common  level,  the  level  of  good  management  ? 
So  that  the  only  profits  to  be  considered,  after  all,  would  be  what 
could  be  realized  on  sales.  If  this  scheme  is  to  become  the  means 
of  improving  the  management  of  a  concern,  it  would  seem  to  have 
more  force  if  those  to  whom  the  management  is  intrusted  should 
receive  the  benefit  of  any  share  of  the  profits  which  may  be  set 
aside  for  such  a  purpose. 

Mr,  Jno.  T.  Hawkins. — I  do  not  believe  that  any  equitable 
system  for  profit-sharing  has  yet  been  or  can  be  suggested,  nor  that 
the  basis  suggested  by  Mr.  Kent,  on  the  third  page  of  his  paper, 
can  be  considered  as  fair  to  the  manufactureror  employer.    It  can  be 
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shown,  however,  I  think,  to  be  a  decidedly  one-sided  arrangement. 
The  fundamental  idea  conveyed  by  Mr.  Kent's  proposition  is,  as  I 
understand  it,  that,  whatever  diminution  in  the  cost  of  product 
shall  come  from  increased  efficiency  on  the  part  of  the  so-called 
workman  only,  shall  accrue  to  them  alone  as  a  share  of  the  profits, 
no  matter  what  conditions  may  obtain  in  those  parts  of  the  business 
over  which  they  have  no  control,  or  which  their  operations  do  not 
affect.  If  this  is  not,  in  principle,  what  he  aims  at,  what  he  pro- 
poses is  merely  ordinary  profit-sharing,  except  that  some  portion  of 
the  personnel  engaged  in  the  selling  part  is  left  out  in  the  cold.  But 
he  thinks  that  his  hypothetical  cases  show  "  that  the  share  of  the 
workmen  should  be  calculated,  not  on  the  profits  of  the  whole 
business,  but  on  the  savings  of  the  manufacturing  department 
alone,"  and  says,  further  on,  that  the  saving  of  $30,000  in  his  ex- 
ample in  the  second  over  the  first  year  "is  to  be  divided  between 
the  employers  and  employees  in  proportions  previously  agreed 
upon"  As  the  saving,  however,  so  far  as  the  workman's  interest  is 
concerned,  hinges  on  the  meaning  of  the  word  "  calculated"  in  the 
first  and  on  "in  proportions  previously  agreed  upon"  in  the  second 
quotation,  what  the  workman  would  get  additionally  to  his  regular 
wages  remains  very  indefinite,  particularly  if  he  accepted  a  reduc- 
tion in  the  latter,  as  in  one  of  the  hypotheses.  If  the  workmen, 
so-called,  are  to  share  in  the  profits  of  a  given  business,  it  can  only 
be  done  by  their  sharing,  also,  in  all  the  responsibilities,  as  well  as 
in  the  losses,  when  the  latter  obtain  ;  and  I  do  not  think  that  the 
basis  proposed  provides  any  better  means  for  doing  this  than  or- 
dinary protit-sharing,  where  all  may  share  in  the  entire  profit. 
Articles  of  manufacture  are  as  good  as  not  made  until  they  are  sold  ; 
and  their  sale,  as  well  as  the  purchase  of  the  materials  of  which 
they  are  made,  through  and  by  means  of  the  machinery  of  com- 
merce, is  as  much  to  be  regarded  as  a  part  of  their  production  as 
the  mere  labor  expended  upon  them  in  the  factory ;  and  this  con- 
stant effort  to  draw  a  line  of  marked  distinction  between  the  men 
who  sell  and  buy  and  plan  and  originate  and  conduct  and  convey 
the  articles  made  in  the  factory  and  those  who  labor  at  their  actual 
construction,  regarding  the  latter  as  the  only  workers  in  the  case, 
is  most  mischievous,  and  goes  a  very  long  way  toward  encourage- 
ment of  the  present  unsatisfactory  state  of  things  in  the  world  of 
labor. 

A  steam-engine  or  a  printing-press  or  a  mousetrap  is  not  a  per- 
fected production,  occupying  its  allotted  and  designed  place  in  the 
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world's  economy,  until  it  is  sold,  transported  to  its  destination, 
erected  and  ready  for  operation  ;  and  every  person  employed  in  any 
capacity  whatever,  including  the  employer  and  his  subordinates 
who  assist  him  in  the  conduct  of  the  whole  business,  such  as  super- 
intendent, salesmen,  clerks,  book-keepers,  foreman,  buyers,  etc., 
are  as  much  workmen,  and  contribute  their  share  to  the  placing  of 
the  pig-iron  or  ore  or  trees  of  which  the  article  is  primarily  con- 
structed in  its  place  in  the  world  as  an  operative  machine  or  product, 
as  the  man  who  makes  the  patterns  or  the  drawings  or  the  castings, 
or  he  who  applies  his  labor  to  the  various  processes  which  are 
necessary  to  its  mere  construction  as  a  machine  or  product.  It 
would  profit  the  workman,  so-called,  little,  be  he  never  so  assiduous 
and  productive  in  his  part  of  the  performance,  if  the  salesman  does 
not  sell  his  product,  if  the  book-keeper  does  not  perform  his  duties 
properly,  if  the  designer  causes  imperfect  machines  to  be  built,  if 
the  draughtsman  makes  errors  such  as  to  offset  a  workman's 
greater  efficiency,  or  if  the  proprietor  adopts  such  methods  through- 
out that  his  machines  or  product  cannot  compete  successfully  with 
others ;  and  there  would  be  no  more  equity  in  confining  the  so- 
called  workman's  emoluments  to  and  basing  them  upon  the  net 
results  of  his  particular  branch  of  the  business  than  there  would  be 
in  the  proposition  that  the  employer  and  his  other  assistants — 
salesmen,  buyers,  etc. — should  be  accorded  a  certain  profit  inde- 
pendently entirely  of  the  so-called  workmen,  leaving  to  the  latter 
the  losses  or  gains,  as  the  case  might  be,  after  the  proposed  profits 
were  paid  to  the  others.  It  would  be  quite  as  proper  and  equitable 
to  surest  that,  in  order  to  encourage  the  salesman  to  sell  more 

err?  s  o 

machines,  the  buyer  to  make  better  bargains,  the  railroad  com- 
pany to  transport  more  quickly,  safely,  or  cheaply  ;  the  superinten- 
dent so  to  arrange  the  details  of  the  business  as  to  save  more  at 
every  point,  the  book-keeper  to  dispense  with  a  part  of  his  assist- 
ance and  do  more  himself,  and  the  proprietor  to  manage  his  part 
of  the  business  better  and  more  economically — to  allow  them  all, 
in  addition  to  their  fixed  salaries  or  rates  of  commission,  a  share  of 
the  profits,  leaving  the  so-called  workers  the  responsibilities  and 
the  losses  which  might  ensue,  as  to  insure  the  workmen  a  profit 
based  upon  their  efforts,  to  the  exclusion  of  the  rest  of  what  goes 
to  make  up  the  entire  personnel  of  the  business. 

Profit-sharing,  to  be  equitable,  means  co-operation  ;  and  co-opera- 
tion fails,  because  men  cannot  do  well  what  they  have  not  learned 
to  do  or  had  experience  in  doing.     A  blacksmith  cannot  be  a  book- 
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keeper  nor  a  salesman.  His  voice,  therefore,  in  such  a  concern,  is 
good  only  so  far  as  it  applies  to  blacksmithing.  And  so  it  is  with 
every  branch  of  such  a  concern. 

As  the  world  has  gone  on  supplying  the  multitudinous  demands 
of  civilization,  it  has  been,  and,  in  ray  opinion,  will  be,  best  done  by 
a  man  or  set  of  men  fitted  by  education  and  experience  as  proprie- 
tors, with  the  necessary  money  capital,  carrying  on  and  conducting 
the  business  for  the  production  of  a  given  article  ;  and  he  or  they 
who  supply  this  capital  and  experience  and  ability  to  carry  it  on,  if 
done  successfully,  must  have  the  privilege  of  deciding  what  that 
part  of  his  or  their  business,  which  is  so  often  mistakenly  dis- 
tinguished as  "  labor,'1  alone  shall  cost,  quite  as  much  as  how  much 
lie  or  they  will  pay  for  advertising  or  selling  or  conveying  or  buy- 
ing; and  of  obtaining  it  in  the  open  market  just  as  he  does  his 
materials  and  all  the  other  items  which  go  to  make  up  his  total 
cost.  The  only  other  equitable  way  is  to  make  every  one  concerned  in 
a  business  a  proprietor — which,  in  other  words,  is  co-operation  ;  and, 
so  far,  the  latter  has  failed,  and  inevitably  will,  I  think,  always  fail, 
for  the  reason  that  it  calls  upon  men  to  exercise  forces  not  at  their 
command.  To  make  co-operation  successful,  every  member  of 
such  an  association  must  be  capable  of  performing  successfully  the 
duties  of  a  proprietor.  The  actual  capital  employed  in  any  busi- 
ness consists  of  two  kinds — money  and  services  rendered.  Every 
person  contributing  his  services  to  the  prosecution  of  any  business 
invests  it  in  a  portion  of  the  total  capital  employed,  which  is  in 
proportion  to  his  ability  to  perform,  and  the  relative  proportion  of 
his  services  as  existing  in  the  sold  product.  The  money  capital  in- 
vested is  used  to  enable  the  proprietors  of  personal  capital  to 
obtain  a  fair  interest  on  their  investment  ;  and  the  workmen  hires 
this  capital  and  makes  proportional  use  of  it  just  as  much  as  the 
proprietor  or  any  other  person  engaged  in  the  business.  The 
money  capital  must,  of  course,  earn  its  interest  and  be  protected,  so 
as  to  be  always  prepared  for  the  exigencies  of  business  which  call 
for  its  use ;  but  there  is  no  kind  of  capital  invested  in  business  which 
obtains  so  much  or  so  sure  an  interest  upon  the  value  invested  as 
that  contributed  by  the  persomiel  of  a  business  in  services  ren- 
dered. Let  us,  however,  see  how  the  proposed  scheme  would  work, 
if  what  Mr.  Kent  regards  as  the  workman  were  to  receive  all  that 
he  saved  by  his  extra  efforts — which  are  the  only  conditions  under 
which  he  may  be  said  to  be  the  recipient  of  all  the  savings  he  may 
effect.     Let  us  apply  this  in  the  light  of  Mr.  Kent's  own  hypothet- 
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ical  cases.  Assuming  that  he  would  divide  the  total  cost  of  mere 
production  among  the  items,  labor,  material,  and  expenses,  in  the 
four  hypothetical  cases,  in  about  the  same  ratio  as  in  his  example  on 
his  third  page — i.e.,  20  per  cent,  material,  60  per  cent,  labor,  and 
20  per  cent,  expenses, — this  would  give,  in  his  first  case,  for  labor, 
30  per  cent,  of  the  total  cost  of  producing  and  selling;  and  I  have 
no  doubt  that,  in  many  manufactures,  this  proportion  would  hold 
good.  In  such  a  case,  the  employer,  with  his  money  capital,  together 
with  all  those  that  take  part  in  the  business  who  are  generally  dis- 
tinguished as  apart  from  labor,  and  exist  under  the  elevated  title  of 
expenses,  would  supply  TO  per  cent,  of  what  constitutes  the  total  cost, 
and  the  so-called  workman,  30  per  cent,  in  his  labor.  Now,  if  the 
profit  is  5  per  cent,  on  the  total  cost,  as  in  case  1,  it  seems  fair,  with- 
out any  other  change  whatever,  that  ^  of  this  should  be  divided 
among  the  so-called  workmen,  and  it  would  be,  provided  that, 
in  case  of  loss,  the  latter  could  be  similarly  divided.  Three-tenths 
of  this  5  per  cent,  profit  on  the  total  cost  would  be  equal  to  1^  per 
cent,  of  the  total  cost ;  but  this,  if  paid  him  as  a  share  of  the  profit, 
would  be  equivalent  to  an  advance  of  5  per  cent,  in  his  wages. 
But  in  his  second  hypothesis,  Mr.  Kent  suggests  that  the  so-called 
workmen  consent  to  a  reduction  in  fixed  wages  to  this  amount,  ex- 
pecting that,  by  dint  of  doing  what  was  clearly  his  duty  to  do  in 
any  case,  i.e.,  produce  as  much  in  the  allotted  hours  as  he  could 
do,  without  undue  exertion  (and  certainly  he  could  not  expect  to  do 
any  more  than  this,  in  any  case),  he  could  produce  so  much  more 
that  he  would  cheapen  the  cost  of  production  by  25  per  cent.,  or 
the  total  cost  of  production  and  sale  by  12^  per  cent.  But  the 
selling  price,  owing  to  competition,  has  gone  down  25  per  cent, 
everything  else  remaining  as  efficient  as  before,  and  unchanged. 
Now,  in  this  case,  who  is  to  bear  the  loss?  Is  it  fair  that  the 
results  of  the  so-called  workman's  efforts — which  are  strictly  only 
what  he  was  in  duty  bound  to  perform  in  the  first  year — shall  be 
rendered  to  him  as  profit,  when  the  results  of  the  remainder  of  the 
personnel  of  the  establishment,  as  well  as  of  the  money  capital  em- 
ployed must  be  less,  because  of  the  reduction  in  price  ?  Should 
not  the  workman  bear  his  proportion  in  reduction  in  price  as  well 
as  the  proprietor  or  any  other  person  taking  part  therein  ?  Under 
the  hypothesis,  if  the  workman  is  to  receive  all  that  he  has  added 
to  the  value  of  the  product,  he  will  receive  12£  per  cent,  of  the 
total  cost,  because  he  saved  that  much  by  his  superior  assiduity 
over  the  preceding  year,  and  loses  5  per  cent,  of  his  wages',  equals 
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1^- per  cent,  of  the  total  cost,  which  lie  voluntarily  submits  to  in 
reduction  of  his  fixed  wages,  and  would  be  in  pocket  11  per  cent, 
of  the  first  year's  total  cost,  or  would  have  received  what  is  equiva- 
lent to  an  advance  of  36§  per  cent,  in  his  wages,  while  the  em- 
ployer would  suffer  a  loss  equal  to  over  3  per  cent,  on  the  total 
cost,  to  say  nothing  of  the  value  of  his  personal  services.  As  in 
this  case  the  proprietor  could  scarcely  be  held  responsible  for  the 
drop  in  prices,  this  would  be  equitable  profit-sharing  with  a  ven- 
geance !  And  if  the  line  is  to  be  drawn  somewhere  below  the  pro- 
prietor, where  the  profit-sharing  man  ends  and  the  non-sharing 
salesman,  superintendent,  or  other  person  begins,  all  on  the  same 
side  of  that  line  with  him  would  share  with  the  proprietor  his 
loss.  But  if  the  workman  is  not  to  receive  ail  this  because  he  pro- 
duces it,  to  be  equitable,  he  must  share  it  with  all  the  rest  in  some 
proportion  previously  agreed  upon-— and  the  scheme  becomes 
ordinary  profit-sharing,  in  which  all  participate.'  It  is  either  one 
or  the  other,  or  some  one  engaged  in  the  business  is  treated  un- 
fairly. And  we  have  only  to  ask,  if  the  fall  in  price  more  than 
equals  the  gain  by  the  workman's  extra  efforts,  how  can  a  proper 
share  of  the  net  loss  be  borne  by  the  workman  ? 

In  Mr.  Kent's  third  case,  B  first  puts  in  better  machinery.  Well, 
if  he  does,  he  probably  has  to  advance  or  borrow  from  some  one  who 
will  accept  his  signature  as  collateral  an  additional  amount  of  capi- 
tal, in  order  to  buy  this  improved  machinery  ;  and  he  will  be  lucky 
if,  by  means  of  it,  for  several  years,  he  realizes  more  than  the  inter- 
est on  the  additional  outlay  necessary  to  buy  it.  Then  he  runs  over- 
time. Mr.  Kent  may  have  found  out  how  this  may  be  made  to 
contribute  to  greater  product  per  dollar  expended  ;  and,  if  he  has, 
I  have  no  doubt  the  majority  of  manufacturers  would  like  to  be  let 
into  the  secret.  My  experience  has  been  that  it  causes  three  dis- 
tinct series  of  losses  when  it  is  resorted  to :  First,  all  workmen  ex- 
pect to  be,  are,  and  should  be,  paid  higher  rates  for  overtime ;  sec- 
ond, the  work  is  done  at  night,  under  indifferent  light,  and  after  the 
operative  is  comparatively  exhausted  with  his  daily  endeavors, 
and  therefore  he  does  not  produce  so  much  in  a  given  time ;  and, 
third,  being  worked  more  hours  per  day  than  when  not  working 
overtime,  he  is  not  able  to  accomplish  so  much  in  his  regular  hours 
the  next  day.  Instead  of  gain,  therefore,  this  process  involves 
three  distinct  sources  of  loss.  If  the  average  manufacturer  could, 
by  putting  in  better  machinery  and  working  overtime,  paying  the 
same  regular  rates  of  wages  for  regular  hours  and  extra  rates  for 
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overtime,  reduce  the  cost  of  his  product  20  per  cent,  after  paying 
interest  on  the  additional  capital  required  for  the  improved  ma- 
chinery, we  ought,  all  of  us,  to  be  able  to  retire  from  business  at  a 
very  early  age.  But  Mr.  Kent  supposes  the  product  to  be  doubled 
by  the  means  taken,  while  he  has  reduced  the  cost  20  per  cent. 
Therefore  he  either  works  his  men  a  good  deal  more  time  or  em- 
ploys more  men ;  and,  as  the  capital  employed  will  be  somewhere 
in  proportion  to  the  amount  of  wages  paid  out,  there  will  be  an- 
other little  item  of  interest  due  to  the  proprietor  or  to  the  bank 
or  to  the  party  from  whom  he  may  borrow — all  of  which  consti- 
tute a  part  of  the  current  expenses,  and,  therefore,  of  total  cost  to 
him  ;  and,  instead  of  his  finding  he  could  devote  10  per  cent,  addi- 
tional to  the  cost  of  advertising  and  selling,  and  having  7  per  cent, 
profit  left,  his  interest  account  and  loss  from  non-efficiency  of 
workmen — due  to  working  overtime — would  bring  him  out  at  the 
small  end  of  the  horn. 

In  the  third  hypothesis,  C  furnishes  an  equally  singular  piece  of 
ratiocination.  Here  we  have  the  manufacturer  cutting  down  sala- 
ries, commissions,  and  advertising  (in  which  case,  certainly,  the 
poor  devils  engaged  in  those  pursuits  do  not  see  much  prospect 
of  profit-sharing),  but  continues  to  sell  the  same  quantity  of  goods. 
Well,  who  would  not  reduce  these  items,  under  such  circum- 
stances? One  would  only  have  to  repeat  this  process  for  a  year 
or  two  to  make  the  goods  sell  themselves  !  The  first  factor  in  this 
hypothesis  is,  therefore,  so  far  from  probable  that  it  will  be  hardly 
necessary  to  follow  it  further.     But  let  us  take  his  example. 

As  I  have  said  above,  the  first  lnTpothetical  case  will  no  doubt 
approximate  quite  closely  to  what  is  experienced  every  day,  i.e., 
that  which  Mr.  Kent  designates  as  the  cost  of  selling,  will  equal 
the  cost  of  production  at  the  factory.  Under  such  conditions,  the 
total  cost  of  the  article  manufactured,  for  the  first  year's  product, 
will  be  $2  each  ;  and,  if,  by  dint  of  superior  efficiency  in  the  work- 
men, he  reduces  the  labor  and  shop  expenses  from  80  to  CO  cents 
each,  for  the  second  year,  everything  else  remaining  the  same,  the 
total  cost  of  each  piece  will  be  reduced  10  per  cent.;  and,  if  the 
so-called  workman  were  to  get  all  that  his  efforts  have  added,  it 
would  all  be  paid  to  him,  under  the  arrangement,  as  additional 
profit,  because  he  alone  made  the  saving.  Under  such  circum- 
stances, suppose  that  during  the  first  year  the  emploj'er  made  a 
profit  of  5  per  cent.,  and  that  during  the  second  prices  had 
fallen,  for   reasons  alike   beyond  the  control    of    employer  and 
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employee,  15  per  cent.,  while  all  not  included  under  the 
name  of  "  workmen "  had  been  as  assiduous  as  they  —  a 
by  no  means  unusual  case.  Would  it  be  fair  that  the  em- 
ployer and  those  on  his  side  of  the  line  should  suffer  a  loss  of 
5  per  cent,  this  second  year,  while  the  workman  should  receive  an 
addition  of  10  per  cent,  of  the  total  cost,  equal  to  33J  per  cent, 
advance  in  his  wages  ?  And  if  so,  and  this  state  of  things  should 
continue  for  several  years,  how  long  would  it  take  to  wreck  an  or- 
dinary business?  And,  as,  when  prices  go  down  in  one  business, 
they  generally  do  in  all,  would  there  not  be  a  plentiful  crop  of  fail- 
ures, and  au  equally  plentiful  harvest  of  unemployed  workmen, 
eager  to  work  at  the  original  figure,  rather  than  not  at  all  ?  And 
if  the  saving  made  by  the  workmen  alone  is  to  be  divided  among 
all,  in  some  preconcerted  ratio,  does  it  not  become  merely  ordinary 
profit-sharing,  in  which  no  one  has  as  yet  succeeded  in  formulat- 
ing a  means  of  the  workman's  sharing  in  the  losses,  when  they 
occur  ?  Or,  if  only  the  selling  department  is  to  be  excluded  from 
this  arrangement,  why  should  the  employer  be  included,  so  long  as 
he  contributes  no  more  toward  the  superior  results  than  the 
selling  department  ?  But  one  of  the  worst  features  in  any 
such,  scheme  is  that  every  workman  in  a  manufacturing  es- 
tablishment would  share  pro  rata  with  his  wages  in  any 
profit  coming  from  their  superior  total  efficiency — which  would 
be  proper  enough,  if  every  man  would  consent  to  have  his 
fixed  wages  rated  just  in  proportion  to  his  ability  and  indus- 
try, as  determined  by  his  employer  or  superior  officer,  or  the 
results  of  his  efforts.  But  we  all  know  that  it  is  not,  and  cannot 
be,  in  human  nature,  that  any  such  equality  of  effort  or  ability  as 
is  involved,  can  exist  in  any  considerable  body  of  men.  In  a  ma- 
chine shop,  for  instance,  where  the  general  determination  might 
be  to  increase  the  product  with  a  view  of  correspondingly  increased 
income,  the  more  competent  and  industrious  would  contribute 
much  more  largely  to  the  general  results  than  the  naturally  inef- 
ficient and  idle:  and  every  sh  op  personnel  is  made  up  more  or  less 
of  the  various  grades  of  men,  both  as  to  ability  and  energy.  Such 
a  scheme  would  be  a  leveling  engine,  contrary  to  the  first  princi- 
ples of  equity  ;  and  one  of  the  first  fruits  would  be  quarrels  among 
the  workmen  themselves,  because  some  were  not  contributing  their 
pro  rata  share  to  the  increased  product,  where  others  were  doing 
more  than  this.  Any  scheme  whatever,  touching  this  labor  ques- 
tion, of  a  leveling  nature,  and  which  tends  to  reward  the  idle  and 
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naturally  inefficient  man  equally  with  bis  competent  and  industri- 
ous brother,  must  fail  just  as  this  very  thing  is  to-day  disintegrat- 
ing labor  organizations  throughout  the  country,  which  have  for 
their  object  the  equalizing  or  leveling  of  wages. 

Referring  to  loss-sharing,  the  following  from  a  recent  editorial 
in  one  of  our  New  York  dailies  expresses  it  admirably : 

"  Yet,  before  profit-sharing  or  co-operation  can  become  an  effec- 
tive agency  for  the  solution  of  labor  problems,  this  side  of  the 
question  will  have  to  be  faced  and  dealt  with  practically.  The 
truth  is  that  it  is  not  a  simple  question,  but  goes  to  the  root  of 
nearly  all  the  difficulties  which  swarm  about  the  relations  between 
capital  and  labor.  For  it  involves  a  just  comprehension  of  the 
value,  utility,  and  necessity  of  those  personal  qualities  which  dis- 
tinguish successful  from  unsuccessful  men  everywhere  and  under 
all  conditions." 

And  again,  referring  to  the  responsibilities  of  workmen : 
"  The  second "  [workman]  "  has  no  anxieties  or  requirements 
outside  the  narrow  range  of  his  mechanical  duties.  His  income  is 
steady  and  safe.  He  is  far  less  sensitive  to  the  fluctuations  of  the 
markets  than  his  employer.  He,  as  a  rule,  is  so  little  in  touch  with 
the  industry  by  which  he  lives  that  when  crises  happen  and  it  be- 
3omes  necessary  to  reduce  wages,  nine  times  out  of  ten  he  jumps  to 
the  conclusion  that  the  reduction  is  the  result  of  parsimony  instead 
of  necessity,  and  so  he  drifts  into  calamitous  strikes.  If  working- 
men  undertake  to  co-operate  or  to  adopt  profit-sharing,  they  must, 
to  some  extent,  change  places  with  their  employers.  They  must 
learn  the  absolute  necessity  for  accepting  the  downs  as  well  as  the 
ups  of  business.  They  must  be  prepared  to  share  the  losses  as  well 
as  the  profits." 

"  In  no  other  way  can  the}'  develop  the  qualities  which  are  re- 
quired for  success.  In  no  other  way  can  they  acquire  habits  of 
steady  thrift,  ceaseless  industry,  patient  application,  vigilant  super- 
vision, prescience,  and  grasp  of  the  situation — and  all  those  habits 
are  indispensable." 

There  is  no  royal  road  to  wages  or  profits  any  more  than  to  learn- 
ing; and  the  true  profit-sharing  workman  will  inevitably  be  he 
who  makes  himself  most  valuable.  He  can  always  command  a 
share  in  the  profits  through  higher  comparative  wages  ;  and  if  in 
any  establishment  a  given  production  were  obtained  in  one  year  at 
a  saving  of  33^  per  cent,  in  labor  and  shop  expenses  over  the  pre- 
vious year,  as  in  the  example  of  Mr.  Kent,  due  solely   to  superior 
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efficiency  of  the  workmen,  the  main  point  that  would  be  established 
would  be  that  in  the  first  year  the  workmen  had  failed  of  their 
plainest  duty.  And  herein  lies  the  gist  of  the  whole  matter.  The 
problem  of  the  so-called  profit-sharing  assumes,  to  start  with,  that 
the  wage-earner  does  not  participate  in  the  profits ;  while,  under  a 
proper  state  of  things,  in  every  establishment  in  which  the  pro- 
prietors give  recognition  in  wages  to  the  workman's  individual  effi- 
ciency (and  they  must  do  this,  if  they  consult  their  own  interests, 
just  as  they  must  in  buying  material  or  in  transacting  any  other 
branch  of  the  business),  and  the  workman  strives  to  and  does  make 
himself  the  most  efficient  possible,  he  will  command  the  higher 
pay,  just  as  the  best  qualities  of  material  will  bring  the  higher 
price  ;  and  he  will  invariably  receive  his  share  of  the  profits  in  his 
wages,  and  in  a  more  equitable  way  than  by  any  scheme  of  profit- 
sharing  that  can  be  proposed.  In  my  opinion,  the  manufacturer 
who  experiments  with  profit-sharing — on  Mr.  Kent's  basis,  partic- 
ularly— will  find  himself  on  the  station  platform,  wondering  when 
the  next  train  leaves.  Edward  Atkinson  says  that  there  is  always 
plenty  of  room  on  the  front  seats  in  every  profession,  trade,  art,  or 
industry  ;  and  I  cheerfully  join  him  in  the  following  quotation  : 

"  Honor  to  him  who,  self-complete  and  brave, 
In  scorn  can  carve  his  pathway  to  the  grave  ; 
And,  caring  not  for  what  men  think  or  say, 
Makes  his  own  heart  his  world  upon  the  way." 

Mr.  II  R.  Towne.- — Mr.  Kent  closes  his  paper  with  an  intimation 
that  the  method  he  outlines,  which,  in  brief,  is  that  the  workman's 
share  in  profits  should  be  limited  to  the  things  which  he  can  con- 
trol and  should  not  take  cognizance  of  things  he  cannot  control,  is 
a  novel  idea.  I  must  dissent  from  that  opinion  for  the  reason  that 
many  writers  have  for  a  long  time  past  discussed  this  question. 
Moreover,  I  am  impelled  by  the  statement  of  Mr.  Kent  to  say — what 
I  had  not  intended  to  say  until  a  later  meeting — that  on  the  first  of 
January  last  1  put  into  practical  operation  a  system  embodying 
precisely  the  feature  alluded  to,  which  system  is  now  in  force  as 
affecting,  perhaps,  one  or  two  hundred  men,  and  which  I  hope  to 
have  in  operation  by  the  end  of  this  year  as  affecting  two  or  three 
time    that  number. 

The  points  which  have  been  touched  upon  in  discussion  are 
most  of  them  pertinent,  and  yet  I  think  that  some  of  the  state- 
ments need  modification.  No  one  rule  will  apply  to  all  kinds  of 
manufacturing  or  production.      Take,  for  example,  the  business  of 
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sugar-making,  in  which,  if  I  am  correctly  informed,  the  labor  item 
is  a  fraction  of  a  cent  per  pound  on  the  cost  of  the  finished 
product,  or  from  ten  per  cent  to  five  per  cent  of  the  value  of 
the  finished  result.  Obviously  the  system  of  co-operation  or  profit- 
sharing  which  is  possible  in  a  business  of  that  kind,  where  labor  is 
a  minute  fraction  of  the  whole  cost,  and  where  the  skill  with 
which  the  buying  and  selling  are  conducted  is  the  major  part  or 
larger  factor  in  determining  the  result,  would  not  apply  equally 
to  a  business  of  the  kind  usual  in  the  average  manufacturing 
establishment,  where  labor  amounts  to  approximately  one-half  of 
the  total  cost,  the  other  half  being  composed  of  material  and 
expenses. 

Objection  has  been  made  that  a  system  of  profit-sharing  inter- 
feres with  the  adoption  of  piece  work.  We  all  admit  the  theo- 
retical correctness  of  the  latter  system,  under  which  every  man  is 
working  for  himself ;  that  is  the  ideal  condition  in  any  industrial 
establishment.  But  it  is  entirely  feasible,  as  I  know  by  actual 
experience,  to  have  the  one  system  coexisting  with  the  other; 
the  men  being  employed  and  paid  by  the  piece  for  the  work  pro- 
duced, but  also  having  some  further  interest  in  the  economy  of 
their  work. 

The  objection  is  made  that  profit-sharing  tends  to  the  leveling 
of  wages.  Again  I  answer  that  experience  denies  the  statement. 
It  is  just  as  possible,  with  a  system  of  profit-sharing,  to  regulate 
the  wages  of  each  man  by  his  value  as  a  workman  as  it  is  to  do 
it  if  you  do  not  have  the  profit-sharing  system  in  force  also.  I 
believe,  however,  that  at  the  present  time,  if  not  permanently,  a 
system  of  profit-sharing  based  on  the  labor  cost  of  goods  must 
be  coupled  with  a  periodic  revision  of  the  basis  rate  which  affords 
the  means  of  comparison  between  the  original  cost  of  the  goods 
and  the  reduced  cost  accomplished  by  the  increased  efficiency  of 
labor;  that  you  cannot,  in  most  businesses  at  least,  adopt  an 
original  basis  of  comparison  and  adhere  to  that  permanently,  but 
that  in  the  course  of  time,  say  every  five  or  ten  years,  or  some 
other  interval  of  time,  that  basis  must  be  revised  and  readjusted 
to  the  changed  condition  of  things. 

The  point  is  made  that  no  profit-sharing  is  equitable  unless  it 
includes  loss-sharing.  Broadly  stated,  I  think  that  perhaps 
this  is  true;  but  there  are  modifications  in  profit-sharing  which 
eliminate  this  difficulty.  The  one  which  I  have  ventured  upon 
in   a  somewhat  large  way,  after  much  study  and  consideration, 
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may  be  more  correctly  designated  as  savings  sharing  than  as 
profit-sharing.  It  is  based  upon  ascertaining  the  present  cost  of 
a  given  product  in  labor,  or  in  the  things  that  labor  can  con- 
trol, and  then  agreeing  to  divide  any  reduction  that  may  be 
effected  in  the  labor  item  below  that  cost  with  the  producers ; 
not  giving  them  all  of  it  by  any  means,  possibly  only  one-half, 
but  giving  them  some  fraction  which  is  equitable  under  all  the 
circumstances,  and  making  an  arrangement  whereby  these  con- 
ditions will  last  for  such  a  length  of  time  as  will  give  the  pro- 
ducers an  inducement  to  exert  themselves  to  reduce  the  cost  of 
production  by  earnest  effort  on  their  part. 

As  I  stated  at  the  outset,  I  am  not  ready,  at  present,  to  submit 
in  detail  the  plan  I  alluded  to,  but  I  hope  to  do  so  at  a  later  meet- 
ing, after  it  has  beeu  longer  in  operation,  aud  when  I  am  assured 
that  it  is  a  success.  During  the  four  months  it  has  been  in  opera- 
tion, however,  I  may  say  that  it  Las  operated  very  satisfactorily  in 
reducing  the  cost  of  goods.  Although  pitched,  as  to  piece  rates, 
upon  a  basis  just  as  low  as  previous  records  indicated  it  should 
be,  the  workmen  continue  to  receive  precisely  the  same  day  wages 
or  piece  rates  as  previously.  The  results  indicate  that  giving  the 
workmen  the  stipulated  fractional  part  of  the  savings  effected  will 
yield  them,  at  the  end  of  the  year,  an  increase  of  from  5  to  8  per 
cent,  on  their  wages,  a  bonus  which  is  a  handsome  inducement  to 
any  workman  who  has  industry  and  desire  to  get  on  in  the  world 
to  exert  himself. 

Mr.  W.  If.  Doane. — I  would  ask  whether  that  increase  was  in 
the  increased  quantity  of  production  or  in  the  saving  of  the  manu- 
facturer? 

.Mr.  Towne. — The  gain  results  almost  entirely  from  increased 
efficiency  of  production.  But  the  basis  is  such  that  the  men  are 
interested  also  in  the  economy  of  the  materials  which  are  con- 
sumed in  the  shops.  I  do  not  mean  by  that  the  raw  material 
which  enters  into  the  product,  but  all  other  material,  such  as  oil 
aud  waste,  files  and  cutters — all  incidental  materials  necessary  for 
the  operation  of  the  shop.  And  there,  by  the  by,  is  one  of  the 
points  of  difference  between  a  system  of  profit  or  savings-sharing 
like  this,  and  a  system  of  piece  work.  In  piece  work,  the  work- 
man is  interested  in  making  his  own  efficiency  as  high  as  possible, 
but  has  no  interest  whatever  in  the  economy  with  which  he  uses 
the  plant.  On  the  contraiw,  his  interests  and  those  of  the  manu- 
facturer are  opposed  to  one  another.  If  a  workman,  by  the  waste- 
42 
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ful  use  of  tools,  can  increase  Lis  product  arid  wages,  he  naturally 
does  it.  There  is  obviously  a  point  where  the  loss  from  this  waste- 
fulness will  more  than  offset  the  increased  product.  Piece  work, 
pure  and  simple,  has,  therefore,  this  element  of  antagonism  be- 
tween workman  and  employer.  If  you  superadd  to  piece  work, 
however,  the  inducement  of  profit-sharing,  or,  to  call  it  by  its  bet- 
ter name,  "  saviugs-skaring,"  the  workman  ceases  to  have  this  in- 
centive to  be  wasteful  in  his  use  of  shop  appliances,  and  becomes 
at  once  identified  with  his  employer  in  seeking  to  promote  effi- 
ciency of  production  and  economy  of  production  in  all  direc- 
tions. 

I  have  already  exceeded  my  time,  I  am  afraid,  but  I  wish,  with 
the  consent  of  the  meeting,  to  make  one  further  comment,  and  it 
is  this  :  It  is  argued  in  all  discussions  of  this  kind,  that  profit-shar- 
ing should  always  include  loss-sharing.  I  do  not  think  that  this 
is  a  correct  view.  The  difference  in  the  conditions  of  the  classes 
of  men  must  be  taken  into  account.  The  employer,  as  a  rule,  has 
reserve  capital.  He  can  stand  loss  for  awhile,  and  still  not  suffer 
in  his  domestic  conditions;  whereas  the  workman  generally  has 
but  little,  if  any,  reserve  of  that  kind.  Loss  to  him,  therefore,  means 
immediate  suffering  for  himself  and  family.  A  prudent  house- 
holder or  head  of  a  family  should  not  incur  risk  of  that  kind  if  he 
can  avoid  it,  and  rightly  ;  therefore,  with  reference  to  their  pres- 
ent responsibility,  and  to  those  who  are  dependent  upon  them,  the 
workmen  should  decline,  or,  at  least,  be  very  cautious  about  enter- 
ing into  relations  which  involve  a  possible  sharing  of  losses  on 
their  part.  Employers,  on  the  other  hand,  having  some  reserve  to 
fall  back  upon,  can  consistently  take  risks  which  may  result  in  loss, 
but  which  they  hope  Mill  result  in  profit. 

I  think,  therefore,  that,  as  society  exists  at  the  present  day,  bet- 
ter relations  of  labor  and  capital  must  be  sought  by  systems  of  co- 
operation or  profit-sharing,  tending  to  identify  the  two  interests, 
under  which  the  employer  gives  a  guarantee  of  fair  wages  to  the 
workman,  and  also  arranges  that  he  may  have,  beyond  that,  a  rea- 
sonable and  equitable  interest  in  the  economy  and  increased  effi- 
ciency with  which  he  does  his  work,  some  portion  of  the  gain  re- 
sulting from  that  increased  efficiency  coining  back  to  the  employer 
as  his  fair  return  lor  the  time,  trouble,  and  cost  which  he  has  given 
to  establishing  conditions  under  which  labor  may  gaiu  for  itself 
this  enlarged  privilege  and  reward. 

Mr.  Allan  Stirling. — I  did  not  intend  to  make  any  remarks  on 
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this  paper,  but  it  appears  to  me  fitting  to  call  attention  to  Mr. 
Towne's  expressions  of  his  kindly  feeling  to  his  workmen.  I  be- 
lieve that  "when  employers  have  those  kindly  feelings  to  their  work- 
men it  makes  very  little  difference  whether  the  system  adopted  is 
the  co-operative  or  the  profit-sharing  system,  or  whether  it  be 
high  wages.  I  have  occasion  to  come  in  contact  with  a  company 
who  have  little  occasion  to  consider  this  question  at  all.  They 
never  had  any  trouble  with  their  workmen.  They  all  live  right 
among  their  men.  They  are  well  known  to  their  people.  They 
have  kindly  feelings  toward  their  workmen,  and,  as  I  say,  a  strike 
is  unknown  to  them  ;  thej  do  not  know  what  it  is,  and  I  think  that, 
given  the  kindly  sentiments  such  as  Mr.  Towne  has  expressed,  in 
the  hearts  and  minds  of  the  employers  towards  those  whom  they 
employ,  the  method  of  arranging  any  difficulties  that  may  arise  is 
quite  immaterial.  They  can  be  arranged  in  some  satisfactory 
way. 

Mr.  W.  H.  Doane. — I  am  much  pleased  with  the  remarks  of  Mr. 
Towne,  and  shall  be  greatly  interested  to  learn  the  result  of  the 
profit-sharing  co-operative  experiment  he  is  making.  I  am  aware 
that  somewhat  similar  efforts  have  been  made  by  others  in  differ- 
ent parts  of  the  country,  but,  as  far  as  lam  advised,  they  have  not 
been  successful.  I  have  not  much  confidence  in  an}-  co-operative 
plan. 

I  believe  in  paying  workmen  all  they  are  really  worth,  even  if  it  be 
very  large  wages.  The  problem  in  my  mind  seems  to  have  resolved 
itself  into  something  like  this :  If  small  wages  are  paid  and  a  share 
in  the  profits  divided  with  the  workmen,  based  on  what  they  are 
worth,  in  lieu  of  what  their  services  should  command,  or  even  more 
than  they  could  command,  it  acts  as  a  stimulus  to  greater  efforts, 
and  they  will  feel  that  the  value  of  their  labor  is  appreciated,  and 
manifest  a  deeper  interest  in  their  work,  insuring,  I  think,  closer 
application,  which  alone,  of  itself,  will  secure  increased  produc- 
tion. 

One  of  the  great  questions  of  the  hour  with  manufacturers  is, 
how  shall  they  increase  the  product  of  their  works  without  en- 
larging their  plant  or  pay-roll,  and  any  system  which  will  bring 
the  employer  and  employee  into  closer  relation  with  each  other, 
it  .-eeins  to  me,  will  tend  to  secure  this  result,  whether  by  piece 
work,  co-operation,  or  both. 

My  past  experience,  somehow,  has  not  led  me  to  feel  much  con- 
fidence in  co-operative  plans,  and,  as  far  as  my  observation  has 
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gone,  they  have  not  proven  a  success.  One  reason  may  be  the 
general  impression  among  workmen  that  one  is  as  good  and  can 
do  as  much  work  in  a  given  time  as  another.  Select  a  hundred 
mechanics  out  of  any  shop,  and  you  will  find  the  degree  of  intel- 
lig3nce  and  mechanical  ability  among  them  will  vary  greatly, 
and  yet  none  of  them  will  concede  that  he  is  worth  less,  or  can 
do  less  than  any  other.  To  question  this  generates  trouble  at 
once,  and  yet  we  all  know  it  to  be  true. 

For  example,  suppose  we  select  two  establishments,  each  re- 
garded as  good  shops  ;  that  one  having  the  best  tool  equipment, 
and  is  the  best  organized  and  managed,  will  turn  out  its  work  for 
less  than  the  other  possibly  can.  Now,  taking  the  cost  of  produc- 
tion in  this  shop  as  the  standard,  and  using  a  co-operative  plan, 
something  after  Mr.  Towne's  suggestion,  the  contrast  in  the  reduc- 
tion of  the  cost  in  manufacturing  as  against  the  shop  not  so  well 
organized  and  with  poorer  equipments,  even  with  equally  good 
Avorkmen,  would  quickly  be  apparent.  Therefore,  it  seems  to  me, 
this  question  of  profit-sharing  is  likely  to  prove  a  hard  matter  to 
define. 

I  am  a  believer  in  paying  all  a  man  is  worth,  and,  by  so  doing, 
secure  his  very  best  efforts.  I  feel  quite  confident  that  an  exam- 
ination of  the  fact  will  disclose  that  the  best  and  most  successful 
shops  are  those  that  employ  the  highest  grades  of  intelligent  and 
skilled  labor.  Such  workmen  are  diligent,  faithful,  devoted,  and 
the  establishment  in  whose  employ  they  labor  generally  does  a 
profitable  business.  I  am  profoundly  interested  in  Mr.  Towne's 
new  plan  of  profit-sharing,  and  sincerely  trust  it  may  be  so  success- 
ful that  he  will  kindly  unfold  it  to  us  at  our  next  meeting. 

Mr.  Jno.  T.  Haivkins.  I  cannot  agree  with  Mr.  Towne,  that, 
in  case  of  disaster  to  a  manufacturer,  the  workman  loses  his  all, 
while  the  manufacturer  has  something  on  which  to  fall  back.  I 
take  it  that  the  reverse  of  that  is  rather  true  than  otherwise,  be- 
cause the  capital  the  laborer  puts  into  his  business  is  simply  his 
ability  to  work,  while  the  manufacturer  has  a  large  money  value 
at  stake  besides,  which  he  has  to  manage  and  provide  for ;  and  it 
is  liable  to  be  lost.  Now,  I  think  there  is  one  way  by  which 
profit-sharing  or  co-operation  might  be  made  successful,  provided 
the  workmen  themselves  would  agree  to  it ;  that  is  to  say,  a  joint 
stock  company,  in  which  a  workman  desiring  to  become  a  profit- 
sharer  might  be  a  stockholder.  Throughout  the  United  States 
there  are  a  great  many  millions  of  dollars  in  savings  banks,  to 
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the  credit  of  ■working  or  laboring  men.  It  is  particularly  the  case 
in  the  New  England  States,  where  the  men  are  more  generally 
thrifty  than  in  more  southern  localities.  They  have  a  consider- 
able amount  of  money  saved  and  laid  up.  Suppose,  for  example, 
one  man  has  a  thousand  dollars  invested  at  4  per  cent,  in  a  sav- 
ings bank ;  you  could  go  to  him,  and  say  :  Well,  if  you  want  to 
share  in  our  profits,  we  will  sell  you  as  many  shares  of  our  stock, 
at  their  value  as  shown  by  our  books,  as  your  81,000  will  buy ;  if 
at  the  end  of  the  year  we  have  not  earned  anything,  we  will  as- 
sess you  in  proportion  to  the  loss — if  there  is  no  surplus  ;  or 
you  may  make  a  little,  or  lose  it  all  in  time.  Now,  I  will  venture 
to  say  that  there  is  not  one  out  of  twenty  that  would  take  those 
chances.  As  a  matter  of  ethics,  it  is  as  near  right  for  a  workman 
to  take  the  money  chances  with  the  proprietor,  in  proportion  to 
bis  investment,  as  for  the  proprietor  to  take  them  ;  and,  if  the 
workman  insists  upon  the  employer  taking  the  biggest  or  all  the 
risk  of  loss,  he  must  expect  that,  when  times  are  flush,  the  latter 
will — and  it  is  right  that  he  should — fortify  himself  against  the 
risks  of  losses  which  obtain  when  the  balance  comes  upon  the 
wrong  side  of  the  ledger. 

[Xote. — The  remaining  discussion  bore  more  closely  upon  the  Topical  Query, 
No.  259—49: 

"  What  system  of  regulating  the  wages  of  labor  in  our  manufacturing  estab- 
lishments will  tend  to  make  that  labor  most  efficient  and  produce  the  largest  re- 
turns both  to  employer  and  employee.  Give  especially  data  from  actual  experience 
with  effects  of  piece-work,  premiums,  participation  in  profits,  graduation  of  wages 
with  terms  of  service,  etc.,  etc. 

It  is  printed  here  from  its  close  relation  to  what  has  preceded. ,} 

Mr.  C.  E.  Emery. — It  appears  to  me  this  discussion  has  not 
reached  the  root  of  the  present  labor  difficulties.  We  should 
endeavor  to  induce  the  Avorkmen  to  organize  on  different  prin- 
ciples, so  that  methods  used  by  business  men  in  conducting  their 
business  may  be  employed  in  dealing  with  labor.  A  manu- 
facturer wishes  to  know  for  a  reasonable  time  in  advance  at 
what  rate  he  can  procure  his  labor  as  well  as  his  materials,  in 
order  that  he  may  make  contracts  and  send  out  a  definite  pro- 
duct in  a  definite  time.  Therefore,  if  organizations  must  be  had — 
and  I  think  it  is  the  intention  of  the  labor  organizations  to  organ- 
ize all  labor  as  fast  as  they  can — it  is  the  business  duty  of  all  busi- 
ness men  to  try  and  get  their  labor  on  a  business  basis.  With 
the  present  organizations  the  interests  of  the  emplo}rer  aud  em- 
ployed are  antagonistic ;  and  no  matter  if  the  former  strive  to  put 
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themselves  on  good  terms  with  the  latter,    as  suggested  by  Mr' 
Stirling,  the  labor  organizers  and  walking  delegates  immediately 
introduce   discordant  elements,    all  reason  disappears,   and   the 
selfish   side  of   human  nature  is  put  in  play.     On  the  present 
system  each  working  man  feels  that  he  must  stand  by  his  fellows, 
right  or  wrong.     If  one  employer  underpays  or  misuses  employees 
a  strike  is  ordered  in  all  similar  establishments,  and  the  kindness 
which  others  have  lavished  upon  employees  is  all  lost,  and  the 
good  must  suffer  with  the  evil.     Strong  parties  may  win  by  show 
of  force,  but  the  system  of  the  present  labor   organizations  is  to 
push  the  weaker  parties  to  the  wall  and  squeeze  all  they  can  out 
of  them.    In  these  contests  the  workmen  suffer  wdth  the  employers, 
and  the  solution  seems  to  be  for  the  latter  to  capture  the  leading 
men  of  the  organizations  and   try   and  show  them  their  true  in- 
terests so  that  they  may  all  be  respected  as  much  as  the  Associa- 
tion of  Locomotive  Engineers  is  now.     The  present  system  will 
degrade  them  by  forcing  employers  to  pay  all  at  the  same  rate, 
thus  suppressing  all  honest  emulation  to  improve   one's  self  and 
causing  all  to  relapse  a  step  towards  barbarism.     The  difficulties 
are    greatest   in  large  cities.      Many   establishments  have  been 
forced  to  move  into  the  country  in  self-protection,  while  others, 
not  having  experienced  the  difficulties  in  the  country,  are  prepar- 
ing to  move  in  the  city  to  gain  some  business  advantages  by  hav- 
ing their  shops  nearer  their  business  offices.     It  is  not  believed 
that  the  co-operation  system  will  solve  the  problem  permanently. 
It  will  aid  in  particular  cases  and  under  particular  circumstances. 
But  where  the  present  movement  has  once  got  a  firm  foothold, 
success  can  only  be  secured  by  inducing  the  labor  leaders  to  co-. 
operate  with  employers  so  that  the  latter  can  make  their  calculation 
in  a  business  way.    If  the  organization  can  be  induced  to  make  the 
object  of  their  societies  to  secure  permanent  employment  rather 
than  intermittent  work  at  high  wages,  and  command  sufficient  re- 
spect with  the  mass  of  employees  to  enable  them  to  give  up  their 
views  of  perfect  equality,  the  labor  question  will  be  solved  whether 
the  men  be  paid  regular  wages,  as  is  customary,  or  by  the  piece, 
either  with   or  without   co-operation.       I    really    see    very    little 
difference  between  the  piece  system  and  the  co-operative  system 
as  Mr.  Towne  has  developed  it,  although  he  has  not  told  his  whole 
plan.     The  piece  system  makes  it  for  the  interest  of  a  man  to  do 
more  work  than  his  fellows  in  order  to  obtain  more  pay,  so  that 
if  good  prices  are  offered  by  the  employers  it  practically  amounts 
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to  co-operation.     The  success  of  this  plan  on  the  Pennsylvania 
Railroad  apparently  confirms  this  view. 

Mr.  0.  C.  Woolson.—I  want  to  extend  to  Mr.  Enieiy  my  thanks 
for  saying  what  I  have  had  in  my  thoughts  to  express.  I  came 
from  Newark  with  this  particular  paper  in  my  mind  because  of  all 
the  subjects  before  the  meeting  I  think  this  is  one  of  the  most 
important.  The  one  great  trouble  I  find — and  I  presume  it  is 
found  by  the  majority  of  the  members,  with  this  co-operative  or 
profit-sharing  scheme,  is  that  we  have  got  all  kinds  of  people  to 
deal  with.  Now,  if  I  am  going  to  organize  a  company,  if  I  am 
going  to  get  around  me  a  board  of  directors,  I  want  a  board  of 
directors  such  as  I  can  harmoniously  associate  with.  I  want  men 
who  are  in  sympathy  with  me  in  my  enterprise  all  the  way 
through.  I  do  not  want  to  have  them  only  partially  interested 
and  with  an  idea  that  there  is  some  other  man — in  this  case  we 
will  call  him  a  walking  delegate — who  claims  by  by-laws  and  oaths 
his  sympathies  and  prejudices,  who  can  come  around  at  certain 
periods  and  influence  the  men  in  the  slightest  degree.  Now,  that 
is  the  case.  You  may  organize  a  most  perfect  co-operative 
system.  You  can  pick  out  all  the  best  points  that  have  ever  been 
devised  aud  put  them  together,  and  I  do  not  believe  the  time  has 
come  yet  nor  the  scheme  has  been  devised  yet  when  you  can  put 
a  sufficient  number  of  those  points  together  and  have  them  prac- 
tical. I  am  a  workingman  myself,  and  I  have  a  great  deal  of 
sympathy  with  those  men  who  have  to  get  up  early  in  the  morn- 
ing and  work  until  late  at  night,  and  at  best  only  earn  enough  for 
a  veiy  plain  living  ;  but  there  is  one  thing  you  must  consider  : 
wages  are  established  in  different  branches  of  business  all  over 
the  country.  They  all  have  a  level  somewhere  ;  it  is  pretty  well 
understood  just  what  that  level  is.  Now,  if  my  company  is  so 
generous  as  to  say,  here,  Ave  will  pay  these  regular  wages  that  are 
acknowledged  to  be  the  proper  wages  everywhere,  and  at  the  end 
of  the  year  we  will  give  you  men  a  certain  percentage  of  our 
profits,  if  there  should  be  any,  and  you  all  shall  be  profit-sharers, 
but  not  loss-sustainers.  Now,  there  is  a  point — we  must  not 
assume  to  pay  a  percentage  to  a  certain  class  of  our  men,  but  we 
must  take  in  everybody.  The  consequence  is  we  get  men  who 
are  scarcely  worth  a  dollar  a  day  and  we  are  getting  men  who  are 
worth  ten  dollars  a  day.  We  will  assume  that  the  men  getting 
ten  dollars  get  it  because  they  are  worth  it,  and  we  can  reason 
with  them  concerning  percentages  and  loss  and  profits,  so  that  it 
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will  be  mutually  satisfactory,  although  there  are  exceptions  to 
this  rule  ;  but  you  come  to  a  man  who  is  getting  his  dollar  a  day 
and  you  can't  reason  with  him,  as  a  rule,  about  percentages  and 
profits ;  take  such  men,  as  a  body,  understand  me,  when  the  time 
comes  to  pay  that  certain  percentage  I  undertake  to  say  that 
seventy-five  per  cent,  will  not  be  satisfied,  and  if  by  good  luck 
they  should  be  the  first  year,  long  before  the  next  dividend  day 
comes  round,  the  chances  are  the  labor  organization  to  which  he 
belongs  will  take  action  and  inform  you  that  your  methods  are 
demoralizing  the  men  in  other  factories,  and  you  find  yourself  in 
hot  water. 

I  will  further  venture  one  remark  which,  in  my  opinion,  is  a 
practical  one,  and  that  is,  where  you  have  a  man  that  is  valuable 
and  whom  you  appreciate,  give  him  an  opportunity  to  understand 
and  believe  that  you  do  appreciate  him,  and  if  you  want  to  ex- 
press it  in  dollars  and  cents  there  is  not  one  of  us  who  would  not 
know  just  exactly  how  to  do  it  if  we  have  the  will. 

Mr.  OUn  Scott — You  may  have  the  will  to  do  that,  but  you  may 
not  have  the  money.  I  have  been  thinking,  while  listening  to  the 
discussion,  that  this  body  here  is  a  representative  body,  perhaps 
such  as  cannot  be*  found  in  the  United  States  or  any  other  coun- 
try. I  know  a  great  many  of  the  men  here  who  have  grown  up 
from  poor  boys  :  they  have  worked  their  way  up  ;  if  they  have  any 
money  they  have  earned  it.  They  are  a  class  of  men,  who,  if  or- 
ganized as  these  laboring  men  organize,  and  should  go  on  a  strike, 
might  make  a  great  deal  of  trouble.  There  does  not  seem  to  be 
any  disposition  to  do  anything  of  the  kind,  and  I  don't  know  that 
anyone  but  myself  has  ever  thought  of  it.  Now,  I  know  that  the 
meeting  of  this  body  is  going  to  be  looked  upon,  throughout  the 
whole  length  and  breadth  of  the  land,  as  a  body  that  represents  the 
labor  question,  because  they  are  laboring  men;  they  have  worked 
from  the  lowest  wages  up  to  the  highest.  Their  places  cannot  be 
filled  by  men  who  can  be  picked  up  in  the  country  for  a  long  time, 
and  they  have  a  right  to  speak  and  be  heard.  Now  these  questions 
that  come  up  here  before  this  meeting  are  becoming  so  numerous 
that  it  seems  to  me  they  ought  to  be  formulated  in  some  way  ;  that 
an  expression  like  that  of  the  House  of  Representatives,  or  some  • 
thing  of  the  kind,  should  be  adopted,  by  which  a  man  could  record 
his  vote  without  scrutiny,  if  desired,  and  let  it  be  known  that  what 
is  voted  is  the  expression  of  this  organization  on  this  question. 
Now,  this  labor  question  is  before  this  meeting  to-day,  and  takes 
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precedence  of  all  others.  We  have  heard  the  expression  of  one 
gentlemen  here,  who  has,  in  a  kindly,  good-natured  way,  consented 
to  make  an  experiment  with  his  operatives  and  see  how  it  works. 
That  has  been  done  a  great  many  times  before.  He  shows  his 
good-nature  by  doing  that.  Perhaps  his  good- will  toward  the 
workingman  is  not  greater  than  that  of  others  here,  but  when  he 
says  the  workingman  should  not  take  the  risks  of  the  capitalist, 
where  is  he  going  to  put  the  men  who  have  just  a  little  capital, 
and  who  start  in  manufacturing? 

Three  or  four  men  go  in  together;  they  borrow  their  grand- 
mother's money  and  their  sister's  money,  and  they  get  a  little 
money  to  start,  and  employ  a  dozen  more  workmen  ;  is  it  fair 
to  say  to  those  workmen  :  You  go  and  do  the  best  you  can,  and 
if  there  is  any  money  made  you  shall  have  so  much  extra,  no 
matter  if  it  does  take  grandmother's  money  and  sister's  money. 
Now,  there  are  thousands  of  shops  in  this  country  in  this  condi- 
tion. A  man  will  work  industriously  and  save  his  money,  and  just 
as  soon  as  another  man  hears  the  chink  of  it  he  wants  to  get  it ; 
and  that  is  so  with  these  labor  organizations.  I  have  been  a  work- 
ingpian  and  I  worked  for  the  smallest  wages,  and  I  always  saved 
mone}\  Now,  you  might  just  as  well  take  this  bull  by  the  horns, 
and  say  what  you  mean.  I  do  not  care  if  the  whole  afternoon  is 
devoted  to  this  question  ;  if  anyone  has  anything  to  say,  I  would 
like  to  hear  it.  I  feel  as  though  I  would  like  to  see  this  thing  fought 
out  on  a  square  basis. 

Mr.  George  L.  Fowler. — For  a  long  time  there  has  been  an  un- 
dercurrent in  the  minds  of  some  car  builders  and  master  mechan- 
ics that  tended  toward  the  advocacy  of  the  contract  system  of  re- 
pairing cars  and  locomotives,  but,  from  the  faint-hearted,  or  rather 
let  me  say  from  the  timid  way  in  which  the  case  has  been  presented, 
it  is  evident  that  these  gentlemen,  though  firm  in  their  convictions 
that  the  contract  is  the  correct  system  of  doing  the  work,  have 
had  no  data,  taken  from  actual  practice,  to  support  the  claims 
which  they  have  made  for  their  hobby.  They  say  that  it  is  all 
right,  that  it  can  be  made  to  work,  and  that  if  time  were  taken, 
the  plan  could  be  fully  elaborated.  Then  their  opponents  come 
down  upon  them  like  an  avalanche  ;  they  show  the  tremendous 
amount  of  detail  necessary ;  they  picture  the  expense  of  the  army 
of  clerks,  foremen,  and  inspectors  that  will  be  required,  and  the 
impossibility  of  getting  the  system  established  on  a  firm  and  satis- 
factory basis ;  marching  out  of  the  discussion  with  flying  colors. 
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Meanwhile  the  Pennsylvania  Railroad  has  been  building  up  a 
system  that  answers  every  requirement  that  the  most  bitter  oppo- 
nent could  demand.  They  have  put  into  actual  practice  a  system 
which,  for  the  simplicity  of  its  detail,  the  minuteness  of  its  specifi- 
cations, the  effectiveness  of  its  action,  and  the  general  satisfaction 
that  it  gives  to  all  of  the  parties  concerned,  exceeds  the  bounds  of 
what  would  once  have  been  considered  possible,  and  demonstrates, 
in  the  clearest  manner,  its  perfect  practicabilit}'  and  desirability. 

To  perfect  and  develop  such  a  system  two  things  are  required : 
honesty  and  a  strict  attention  to  the  cost  under  the  system  of  daily 
wages.  The  last  must  receive  the  first  attention.  For  years  the 
rate  of  wages  must  be  studied,  and  a  system  of  time-keeping  es- 
tablished which  is  minute  in  its  detail.  The  men  must  be  required 
to  give  in,  each  day,  the  time  occupied  in  every  move  that  they 
make.  Not  a  bolt  should  be  driven  nor  a  nut  tightened  that  does 
not  receive  the  due  charge  of  time  that  belongs  to  it.  The 
bookkeepers  must  separate  each  item,  and  classify  and  re-classify 
until  some  order  seems  to  appear  out  of  the  chaos  of  data  that 
flows  in  upon  the  office.  Waste  of  time  must  be  watched  and  the 
actual  time  expended  in  doing  the  work  determined.  I  am  speak- 
ing, it  will  be  understood,  more  particularly  of  the  repairs  of  rail- 
road work  or  of  a  general  job  shop  than  of  those  places  where  there 
is  a  special  line  of  manufacture  ;  in  these  cases  the  scheduling  of 
the  prices  for  piece  work  will  be  comparatively  eas}r. 

This  careful  watching  was  carried  into  every  detail  by  the 
Pennsylvania  Railroad.  They  learned  not  only  how  long  it  took 
to  make  the  rocker  arm  of  an  engine  as  a  whole,  but  the  expense 
for  each  and  every  step  was  noted  ;  the  time  required  to  forge, 
to  center,  to  la}'  off,  to  turn,  to  mill  the  edges,  to  chip  or  mill  the 
bosses,  to  bore  the  pin  holes,  to  ream  them  out,  to  bore  the  bush- 
ing, to  fit  and  to  case-harden  the  same,  to  put  it  in  position  and 
to  connect  the  rods  and  links.  Car  details  were  kept  with  an 
equal  strictness.  The  sills  were  watched  with  careful  scrutiny. 
A  memorandum  was  taken  of  the  time  required  by  the  men  to 
carry  the  stick  from  the  lumber  pile  to  the  planer,  also  that  oc- 
cupied in  facing  and  dressing,  laying  out,  cutting  the  tenons, 
boring  the  holes,  and  putting  in  position. 

Are  you  frightened  by  these  few  examples  that  are  given? 
Well,  the  same  detail  and  attention  must  be  given  not  only  to 
the  sills  and  rockers,  but  to  posts,  carlines,  plates,  sheathing,  rods, 
transoms,  trucks,  to  guides,  connections,  links,  eccentrics,  cylin- 
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ders  and  pins,  to  every  bolt  and  screw  in  all  of  the  complication 
of  a  car  or  engine.  When  all  this  had  been  clone,  there  was  a 
mass  of  matter  which  had  to  be  sifted,  sorted,  and  arranged  until 
the  whole  was  in  that  perfect  order  that  was  demanded  before  it 
could  be  put  into  use. 

The  time  required  to  turn  the  crank  pins  on  a  switcher  and  a 
mogul  were  compared,  and,  if  possible,  were  classified  as  one. 
This  is  l»ut  a  single  instance,  but  comparisons  of  like  and  like 
had  to  be  made  on  every  hand  and  the  whole  reduced  to  the 
smallest  compass. 

The  car  repairs  were  undertaken  first,  for  they  did  not  present 
so  many  pieces  to  be  counted  and  estimated  as  the  locomotive. 
The  construction  of  the  freight  cars,  though  varying  greatly, 
was  still  found  to  be  similar  enough  to  be  classified  together. 

"When  all  this  had  been  done,  the  honest  purpose  of  the  master 
had  to  appear.  Under  the  old  system  the  men  have  been  paid 
for  the  time  which  they  spend  about  the  shops  and  yards  as  well 
as  for  the  work  performed.  Two  inducements  must  exist  before 
the  change  can  be  made.  The  men  should  receive  more  pay  for 
the  time  they  spend  ;  the  company  should  receive  more  work  for 
the  money  it  expends.  If  these  two  results  are  accomplished,  it 
goes  without  saying  that  both  parties  will  be  content.  But  the 
grasping  of  the  corporation  must  be  restrained,  and  its  manage- 
ment should  not  look  to  the  wages  paid  to  its  men  as  individ- 
uals, and  think  that  it  costs  them  twenty-five  per  cent,  more  per 
man,  be  he  laborer  or  foreman,  than  it  does  a  competitor.  But 
it  should  look  at  the  total  cost  and  see  that  it  is  paying  from 
fifteen  to  twenty  per  cent,  less  for  certain  work  than  the  neigh- 
bor, whose  men  are  earning  less  per  capita. 

This  requires  a  strong  and  sterling  honest}'.  The  temptation 
to  cut  and  grind  must  be  resisted  with  a  "  get  thee  behind  me, 
Satan,"  and  the  men  be  made  to  feel  that  the}'  have  their  own 
fortunes  in  their  hands,  and  that  the  disposition  to  make  them 
slaves  does  not  exist. 

Cutting  can  be  done,  and  must  be  done  to  make  the  system 
pa}r,  but  not  so  as  to  prevent  the  men  earning  increased  wages. 
This  must  be  governed  by  circumstances  and  the  knowledge  that 
the  master  has  of  the  detail  work  be  brought  to  play. 

When  the  rates  are  once  made  they  must  be  enforced.  The 
men  can  work  in  gangs,  and  schedule  rates  be  given  to  the  whole. 
Sometimes  a  gang  will  be  composed  of  laborers,  apprentices,  and 
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machinists.  In  the  system  under  consideration,  the  apprentices 
get  a  fixed  sum  per  day,  according  to  the  year  of  his  appren- 
ticeship; and  when  he  works  in  a  gang  the  latter  must  pay  his 
wages,  while  all  that  he  earns  at  schedule  rates  goes  to  the 
gang.  The  receipts  of  each  member  of  the  gang  are  proportioned 
at  a  certain  rate  of  daily  wages.  For  instance,  if  a  gang  is  com- 
posed of  four  laborers,  a  second-year  apprentice  and  two  ma- 
chinists, the  laborer  will  be  rated  at  $1.25  per  day,  the  appren- 
tice at  ninety  cents,  and  the  machinist  at  $2.40.  The  wages  for 
the  gang,  discarding  apprentices,  will  be  $9.80,  of  which  $5  is  for 
the  laborers.  A  division  will  give  5L  per  cent,  for  labor  and  49 
per  cent,  for  the  machinist.  Then  at  the  end  of  the  month,  if 
the  schedule  dues  are  $340,  the  apprentice  gets  ninety  cents  per 
day  for  say  twenty-five  days,  or  $22.50,  leaving  $317.50  for  the 
rest.  Then  51  per  cent,  of  this,  or  $161.92,  belongs  to  the 
laborers,  or  $40.48  each,  netting  them  nearly  $1.62  per  day.  The 
machinists  receive  $77.79,  or  over  $3.11  per  day.  These  are 
not  exceptional  wages. 

This  calculation  is  complicated  to  a  slight  extent  by  absence  or 
tardiness  in  gang  work,  but  very  little,  as  each  man  is  paid  pro 
rata  for  the  time  that  he  works. 

The  method  employed  is  to  work  in  gangs  to  a  certain  extent. 
Piece  work  is  now  universal  on  the  road  in  question.  The  men 
write  on  a  common  slip  of  paper  every  night;  what  they  have 
done  ;  this  is  O.K'd  by  the  foreman  and  handed  to  the  timekeeper. 
The  schedule  rate  for  each  item  is  credited  to  the  proper  man, 
and  the  work  is  done.  In  shops  employing  from  four  to  five 
hundred  men,  three  timekeepers  do  all  the  work  required. 

I  have  given  some  of  the  details  for  the  machine  and  car- 
penter work.  Those  for  labor  are  fully  as  complete.  It  is  neces- 
sary to  have  a  system  for  handling  material,  and  to  have  a  place 
for  everything  and  to  keep  everything  in  its  place.  So,  in  the 
case  of  a  railroad  shop,  we  have  a  storage  track  for  drivers, 
another  for  front  truck  wheels,  another  for  tender  wheels  and 
axles,  and  the  same  for  cars.  A  gang  is  given  a  certain  price 
for  taking  a  pair  of  drivers  from  the  storage  track  to  the  lathe, 
the  erecting  floor,  or  vice  versa.  The  price  is  fixed  for  handling 
axles,  castings,  boiler  plates  and  cinders,  for  jar-king  up  an  engine 
or  a  car,  for  taking  out  a  pair  of  wheels,  and  for  every  step 
that  a  man  may  take  about  his  work. 

Inspectors  are  emplo}red  to  supervise  and  pass  upon  the  work. 
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These  men  are  paid  a  stated  sum  per  month.  The  foremen 
are  also  paid  by  the  month.  Gang  foremen  are,  however,  paid 
by  the  amount  of  work  that  the  gang  performs,  and  at  stated 
times.  For  instance,  the  foreman  of  the  erecting  gang  receives 
a  fixed  amount  for  taking  an  engine  into  the  shop,  jacking  it  up, 
stripping  it,  erecting,  taking  to  the  paint  shop  and  getting  it  out 
upon  the  road.  One  quarter  is  due  when  the  engine  is  stripped, 
another  when  it  is  set  up,  the  third  when  it  is  run  into  the  paint 
shop,  and  the  last  when  it  is  ready  for  the  road.  The  men, 
meantime,  are  paid  for  the  work  they  perform ;  this  keeps  the 
foreman  from  neglecting  the  work  that  he  has  in  hand.  If  he  were 
paid  only  when  the  work  is  done  he  would  be  apt  to  rush  one 
engine  through  to  the  neglect  of  all  others;  but  as  he  gets  his 
pay  on  the  instalment  plan,  h'e  can  afford  to  carry  on  several  at  a 
time.  When  the  engine  is  set  up  he  gets  one-half  the  schedule, 
but  to  prevent  neglect  the  remainder  is  held  back  until  he  puts 
the  locomotive  in  the  painters'  hands.  However,  if  the  paint 
shop  is  full  he  gets  his  pay  before,  as  the  company  do  not  hold 
him  responsible  for  their  own  lack  of  space.  The  car  work  is 
done  on  the  same  principle  and  the  work  scheduled  in  the  same 
way. 

The  effect  of  the  system  is  an  interesting  social  study.  Men 
work  for  themselves,  and  their  pay  is  due  to  skill  alone.  The  in- 
justice of  an  arbitrary  rating  is  done  away,  and  the  poorer  class 
must  fall  below  their  fellows.  At  first  the  system  was  met  with  a 
tooth-and-nail  ojDposition,  and  the  schedule  was  denounced  as  a 
corporation  steal.  A  strike  took  place,  but  one  by  one  the  men 
came  hack  and  were  surprised  to  find  their  pay  increased  from  25 
to  30  per  cent.  After  this  they  discovered  ways  and  means  to 
hasten  work;  they  keep  a  double  set  of  tools  on  hand  so  that  the 
lathes  are  always  at  work ;  they  do  not  take  an  aimless  walk,  and 
stand  and  talk  ;  they  carry  what  they  want  to  their  lathes,  and  do 
not  wait  for  a  laborer  to  do  their  errands.  Besides  this,  they  help 
each  other,  and  do  not  waste  their  time.  If  there  is  work  to  do, 
they  spring  to  with  a  will.  Tou  see  no  difference,  whether  the 
master  is  at  hand  or  not,  and  if  he  speaks  to  any  man,  the  latter 
seems  to  be  in  a  hurry  to  get  away  to  work. 

I  called  attention  to  the  industry  of  the  laborers  in  the  remarks 
that  I  made  on  this  same  subject  at  the  meeting  of  the  association 
in  New  York  last  fall. 

The  opposition  that  was  met  at  first  has  entirely  disappeared, 
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and  now  the  opposite  obtains.  Once  in  a  while  a  piece  of  work 
comes  up  for  which  there  is  no  schedule  rate.  The  man  to  whom 
it  is  assigned  will  immediately  ask  for  piece  work.  The  foreman 
can  then  make  a  bargain  for  the  job. 

The  flexibility  of  the  schedule  rates  is  shown  in  other  ways. 
There  are,  for  instance,  certain  lathes  equipped  for  axle  work  and 
the  schedule  is  made  to  fit  them.  If,  however,  a  press  of  work 
comes  in,  and  other  lathes,  less  suited  to  the  purpose,  are  called 
into  action,  the  men  who  run  the  inferior  tools  are  allowed  a  higher 
rate  per  piece.  Then,  too,  if  a  man  runs  two  lathes,  his  rate  per 
piece  is  cut  away,  and  he  gets  only  a  two-thirds  rate,  although  this 
gives  an  increase  in  the  rate  per  day  in  every  case. 

The  effect  on  wages  has  been  to  send  them  up,  and  it  is  rare 
to  find  a  man  that  does  not  earn  more  than  when  the  daily  pay 
was  given.  This  increase  varies  with  the  man  and  the  work  that 
he  has  to  do,  from  25  to  80  per  cent. 

On  the  other  hand,  the  effect  on  cost  is  to  cut  away.  In  the 
case  in  hand  it  has  been  shown  to  be  more  than  20  per  cent,  saved 
in  the  work  done,  as  compared  with  the  cost  under  the  old  system 
of  daily  pay. 

This  is  an  outline  of  the  plan.  The  details  are  innumerable  to 
start  with,  but  when  once  established  and  the  system  put  in  oper- 
ation, this  detail  seems  to  "vanish  like  the  breath  into  the  wind," 
and  the  works  to  run  themselves.  There  can  be  no  pros  and  cons 
where  demonstration  such  as  I  have  shown  lies  ready  to  the  hand. 
The  advantages  are  overwhelming  and  cover  the  only  vital  points 
at  issue.  The  men  want  increased  pay  and  get  it ;  the  company 
wants  decreased  cost  and  that  is  given  them  ;  and  then,  to  clinch 
the  matter  and  bind  it  fast,  neither  party  would  in  any  way  con- 
sent to  give  it  up.  Its  practicability  is  fully  demonstrated  by  ex- 
perience and  practice.  Injustice  in  rating  is  done  away  with  ;  the 
better  class  of  men  will  be  allrfwed  to  rise  and  make  the  pay  that 
they  deserve  ;  the  leveling  process  which  seems  to  be  the  aim  of 
strikes  will  disappear ;  the  poorer  men  will  have  to  give  way  to 
those  that  are  better,  and,  distressing  as  it  may  be  to  the  kind- 
hearted  philanthropist  or  social  reformer,  the  great  law  of  the  sur- 
vival of  the  fittest  will  be  fully  exemplified. 

And  now  but  one  word  more :  This  system  cannot  be  estab- 
lished in  a  day,  but  time  and  care  will  furnish  every  requisite  ;  and 
then,  when  once  the  work  is  done,  one-half  of  the  problems  of  the 
labor  question  will  be  solved,  the  work  of  keeping  shop  accounts 
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be  greatly  simplified,  and  satisfaction  take  the  place  of  discontent 
on  every  hand.  But  remember,  when  the  scheme  is  once  assumed, 
be  honest  with  your  men  and  do  not  try  and  squeeze  the  sponge 
too  dry. 

Mr.  Daniel  Ashworth. — I  do  not  believe  that  the  great  source 
of  failures  on  the  part  of  piece  work  and  profit-sharing  emanates 
from  the  employer.  We  can  find  many  cases  in  the  history  of 
this  question  where  it  has  been  directly  the  opposite,  and  the  last 
words  of  that  communication  touched  that  very  point.  If  we  en- 
ter into  a  contract  of  this  kind  with  our  operatives  with  that  sin- 
cerity and  that  good  feeling,  which  has  been  referred  to  by  Mr. 
Stirling,  I  believe  that  it  will  be  successful.  But  when  this  is 
put  in  operation  and  when  the  result  is  not  favorable,  in  nine  cases 
out  of  ten  there  has  been  a  disposition  to  rearrange  the  pro- 
gramme. It  is  like  the  story  of  the  distribution  of  prize  money  in 
the  Navy — it  was  sifted  through  a  ladder ;  that  which  remained 
on  the  rungs  was  for  the  men  ;  that  which  fell  through  was  for  the 
officers. 

Again  I  have  known  of  many  establishments  that  have  entered 
into  this  field  with  a  view  of  each  having  a  financial  interest  in  it. 
That  has  been  eminently  successful  in  many  sections  of  the  coun- 
try. In  western  Pennsylvania  that  system  is  flourishing  ;  but 
there  have  been  cases  where  it  has  failed  almost  on  the  same  basis 
by  the  process  of  reconstruction.  I  believe  that  Mr.  Towne  will 
succeed  in  his  plan.  I  say  that  profit-sharing  is  the  quintessence 
of  justice  and  is  bound  to  succeed,  depending  entirely  upon  the 
spirit  of  those  controlling  it. 

Mr.  ('las.  E.  Emery. — It  may  be  of  interest  to  the  members  of 
the  society  to  know  the  method  adopted,  after  the  strike  of  the 
New  York  Steam  Company,  in  March,  1836,  to  make  it  to  the  in- 
terest of  the  men  to  remain  faithful  to  their  trusts  and  resist  the 
blandishments  of  the  labor  organizers  and  walking  delegates. 
From  the  language  used  by  many  here,  I  do  not  think  they  have 
been  through  a  well-organized  strike.  When  you  find  men  who  have 
not  only  been  well  treated,  but  are  willing  to  acknowledge  it  and 
say  that  it  is  not  a  question  of  wages,  and  yet  yield  to  the  bland- 
ishments of  the  labor  organizers  and  strike  simply  and  only  to 
force  employers  to  become  what  they  call  "  union  shops,"  and  em- 
ploy only  union  labor,  and  perhaps  insist  that  old,  well-tried  fore- 
men and  employees  should  be  dismissed  because  they  have  hin- 
dered them  in  their  plans  for  freely  organizing  the  men,  then,  in- 
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deed,  it  is  necessary  to  stand  out  and  say  to  the  meu  that  you  will 
have  none  of  it.  Such  a  combination  must  be  completely  beaten 
in  order  that  the  parties  attacked  may  ever  have  immunity  from 
similar  difficulties.  An  attack  as  unreasonable  and  wicked  as  this 
was  made  on  the  New  York  Steam  Company.  Nine-tenths  of  its 
employees  at  its  boiler  station  left  their  work  without  notice,  and 
8,000  horse-power  of  boilers  in  full  blast,  under  80  pounds  steam 
pressure,  were  left  to  the  attention  of  only  two  men  who  remained 
faithful  to  their  trust.  Fortunately  there  were  available  young 
educated  engineers,  bookkeepers,  and  loyal  men  in  other  depart- 
ments, who  ha&tily  assembled  and  kept  up  the  steam  pressure  until 
other  labor  was  brought  in  to  release  them,  and,  after  the  usual 
month's  siege,  feeding  and  bunking  men  in  the  establish- 
ment, and  carrying  on  necessary  operations  on  the  street,  sub- 
ject to  intimidation  and  violence,  the  strikers  were  dispersed  and 
not  one  of  them  has  since  been  re-employed.  In  order  to  make 
it  for  the  interest  of  new  men  to  remain,  each  one  was  required  to 
deposit  $50,  which  was  to  be  forfeited  in  case  a  sufficient  number 
of  men  went  out  together  to  show  any  signs  of  a  conspiracy,  though 
of  course,  any  man  could  leave  at  any  time  and  draw  out  his  money 
by  mutual  consent.  Each  man  entered  into  a  regular  contract,  in 
which  it  was  agreed  that  the  interest  of  the  money  should  be  used 
as  a  nucleus  of  a  benevolent  fund  for  sick  and  injured  employees. 
The  amount  deposited  acted  as  a  check  in  two  ways ;  first,  a  man 
did  not  wish  to  lose  his  money ;  and  second,  he  could  use  this  as  an 
argument  to  bluff  the  labor  organizers.  In  case  of  sickness  in  the 
family  of  one  of  the  trusted  employees,  it  has  been  the  habit  to 
permit  him  to  withdraw  his  deposit,  and  to  restore  it  again  by  in- 
stalments from  his  weekly  Avages.  In  fact,  the  fund  was  mostly  ac- 
crued on  the  instalment  plan  in  this  way.  The  men  look  upon  their 
deposit  as  a  sort  of  savings  bank,  they  are  more  willing  to  learn 
our  ways,  and  try  to  secure  economy  of  fuel,  and  the  plan  works  in 
every  respect  satisfactorily. 

My  previous  remarks  on  this  subject  are  apparently  in  antago- 
nism to  the  greater  part  of  what  has  been  said  here ;  but 
as  one  who  has  been  through  a  difficulty  without  a  particle 
of  reason  in  it,  I  have  felt  it  nry  duty  to  say  what  I  have, 
that  all  may  be  prepared  for  what,  under  present  conditions, 
is  sure  to  come  to  many  here  present.  Something  without 
foundation  will  be  brought  up,  no  matter  how  much  good  feel- 
ing is  established,  which  will  cause  the  men  to  injure  the  interests 
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of  their  best  friends  to  avoid  what  is  called  "  antagonizing  the  in- 
terests of  labor."  Notwithstanding  checks  in  various  localities, 
the  labor  difficulty  is  like  an  epidemic  spreading  through  the  coun- 
try. If  what  Mr.  Towne  has  intimated,  or  any  such  remedy,  will 
prevent  the  spread  of  this  epidemic,  we  say  God-speed.  At  the 
same  time  we  say  that  if  you  are  attacked  without  reason  by  mis- 
guided men,  under  the  direction  of  labor  organizers  or  walking 
delegates,  many  of  them  of  bad  character,  and  all  of  them  work- 
ing on  bad  principles,  it  will  be  necessary,  for  your  own  existence, 
to  resist,  and  until  the  power  of  such  men  is  broken  your  business 
can  not  go  on,  and  there  will  be  no  rational  way  by  winch  you  can 
deal  with  your  employees. 

Mr.  Allan  Stirling. — Mr.  Emery's  last  remark  has  stirred  the 
blood  in  my  veins  a  little,  and  I  rise  again.  The  remarks  that  I 
made  were  the  result  of  much  experience  and  observation  on  this 
subject.  I  have  been  through  one  of  the  worst  strikes  in  the  coun- 
try. I  was  in  charge  of  the  engineering  department  of  one  of  the 
large  works  of  the  country,  when  they  started,  after  a  six  months' 
strike.  They  were  started  by  bringing  a  large  number  of  Pinker- 
ton  detectives  and  posting  them  around  the  works.  Operatives 
from  distant  points  were  brought  by  rail  directly  inside  the  works. 
The  machine  shops  were  given  up  for  bunks  for  the  operatives,  my 
office  was  used  as  a  bedroom.  If  a  workman  strayed  outside  of 
the  line  of  soldiers  he  was  pretty  sure  to  be  shot.  I  went  through 
all  of  that  for  a  time.  Finally  the  matter  was  arranged.  I  have 
had  a  good  deal  to  do  with  companies,  and  with  some  that  have 
treated  their  men  fairly  and  generously  and  in  a  kindly  spirit,  so 
that  the  men  knew  that  their  employers  were  feeling  kindl}r  to 
them,  and  I  would  simply  repeat  what  I  said  before,  that  after  a 
great  deal  of  observation  with  strikes  and  without  strikes,  I  am 
perfectly  satisfied  that  if  employers  will  have  this  kindly  feeling 
to  their  men  and  show  it  by  their  actions,  and,  as  has  been 
stated,  not  squeeze  the  sponge  too  dry,  there  will  be  very  little 
trouble. 

Mr.  Thomas  J.  Borden. — The  points  in  discussion  have  been 
applicable  chiefly  to  cases  where  only  single  establishments  were 
located,  and  the  relations  between  employer  and  employees  were 
not  affected  by  complications  with  others  in  similar  business  near 
by  them.  It  is  a  matter  of  common  observation  that  all  large 
lines  of  manufacturing  and  mechanical  business  tend  to  concen- 
trate in  certain  localities. 
43 
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When  a  leading  center  is  established  in  any  line  of  business  the 
wage  question  for  that  particular  industry  for  the  whole  country, 
or  that  particular  section  of  the  country,  is  settled  chiefly  at  such 
center.  The  isolated  establishments  are  obliged  to  be  governed 
largely  by  the  customs  and  rates  of  wages  established  at  such  lead- 
ing centers. 

At  these  centers  the  most  liberal  and  humane  course  pursued 
by  any  one  employer  will  not  relieve  him  from  the  effects  of  labor 
controversies  arising  in  other  establishments. 

The  very  general  organization  of  labor  in  all  leading  industrial 
centers  naturally  results  in  the  demands  made  by  employees  being 
frequently  inaugurated  and  generally  controlled  by  the  labor  or- 
ganizations of  that  locality,  and  their  edicts  are  enforced  in  all 
establishments  alike. 

Hence  the  labor  question  is  fast  becoming  one  of  much  breadth 
and  requiring  the  general  concurrence  of  considerable  numbers  on 
either  side  of  the  question  in  well-defined  general  policies,  which 
will  commend  themselves  to  the  approval  of  the  mass  of  the  more 
intelligent  classes  of  both  employers  and  employees. 
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CCLVII. 

GASLIGBTING  BY  INCANDESCENCE. 

BY  JAMES  DREDGE,  LONDON,  ENGLAND, 

(Honorary  Member  of  the  Society). 

There  are  many  reasons  why  progress  in  the  general  applica- 
tion of  the  electric  light — especially  as  regards  its  domestic  use 
— has  been  far  less  rapid  in  England  than  in  the  United  States,  but 
only  three  of  the  various  causes  need  be  referred  to  here — specula- 
tive financiering,  repressive  legislation,  and  cheap  gas.  The  chill- 
ing effect  of  the  prolonged  excitement,  which  commenced  about 
1878,  when  the  wildest  dreams  of  inventors  were  converted  into 
golden  realities  by  company  promoters  and  stock  operators,  to  the 
ultimate  disappointment  and  ruin  of  thousands  of  credulous  in- 
vestors, will  pass  away ;  legislation,  which,  with  the  best  possible 
intentions,  was  devised,  as  if  designedly,  to  place  impediments  in 
the  way  of  enterprise,  and  so  set  up  a  barrier  to  the  advancement 
of  electric  lighting  from  central  stations,  is  now  being  modified, 
and  may  be  regarded  as  a  temporary  difficulty.  But  the  low  price 
at  which  gas  is  distributed  in  England,  varying  from  30  cents  per 
1,000  cubic  feet  to  75  cents,  constitutes  the  most  formidable  antag- 
onist to  the  more  modern  and  luxurious  form  of  illumination  ;  the 
more  so  because,  with  improved  and  economical  methods  of  pro- 
ducing currents  suitable  for  lighting  purposes,  the  price  of  gas  can 
be  still  further  reduced,  so  that,  in  England,  it  may  be  predicted 
that,  so  far  as  cost  is  concerned,  it  will  always  defy  competition 
from  the  electric  light  for  general  house  illumination. 

For  several  years  past,  however,  the  public  has  become  famil- 
iar with  higher  standards  of  illumination  than  of  old,  and  the  pure, 
steady  brilliance  of  the  incandescent  lamp  has  thrown  the  pulsat- 
ing gas  flame  somewhat  in  the  shade.  So,  while  it  is  recognized 
that  the  change  to  electric  lighting  is,  except  for  the  rich,  for  some 
years  to  come,  at  all  events,  an  impossibility,  there  is  a  universal 
demand  for  a  system  of  illumination  which  shall  approximate  in 
steadiness  and  brilliancy  to  the  incandescent  light,  and  which,  at 
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the  same  time,  can  be  adapted  to  domestic  use,  without  revolu- 
tionizing existing  fittings,  involving  skilled  supervision,  or  entail- 
ing heavy  first  cost  and  expensive  maintenance. 

The  successful  solution  of  this  problem  involves  so  many  diffi- 
culties that  it  would,  at  first  sight,  appear  to  be  almost  hopeless. 
But  though,  in  its  present  phase,  it  has  only  recently  attracted  the 
attention  of  inventors,  there  are  already  two  systems  before  the 
public  which,  if  they  fall  short  of  all  requirements,  at  least  demon- 
strate the  practicability  of  the  principle,  and  render  it  probable 
that  incandescence  illumination  by  means  of  gas  will  before  long 
become  a  generally-used  means  of  domestic  and  even  of  public 
lighting. 

Oxyhydrogen  Light. — Since  1826,  when  Drummond  first  flashed 
signals  with  the  oxyhydrogen  light,  numerous  schemes  on  the  same 
lines  have  been  proposed  for  obtaining  high  degrees  of  illumina- 
tion, but  none  of  them  have  been  suitable  for  anything  but  special 
and  intermittent  purposes.  Apart  from  other  practical  objections, 
any  system  which  involved  the  use  of  oxygen  for  general  lighting 
purposes  was  bound  to  fail,  partly  on  account  of  the  cost  of  oxy- 
gen, but  chiefly  because  a  double  system  of  mains  and  service  pipes 
was  required  to  carry  the  two  gases  to  the  burners. 

Since  Tessie  du  Motay's  experiments  in  public  lighting  in  London, 
Paris,  and  Brussels,  about  1872,  when  a  combined  supply  of  oxygen 
and  common  gas  wTas  used,  the  former  objection  has  been  recently  re- 
moved to  a  certain  extent  by  a  cheaper  process  for  producing  oxygen, 
the  manufacturers  claiming  that  they  can  supply  it  commercially  for 
about  $15  per  1000  feet.  Experiments  are  in  fact  still  in  progress 
on  the  Metropolitan  District  Railway,  with  a  view  to  utilizing  the 
oxyhydrogen  light  for  train  illumination.  A  number  of  small  diffi- 
culties, however,  appear  to  combine  to  render  the  idea  impracti- 
cable, such  as  failure  of  the  incandescent  medium,  irregularity  in 
the  light  produced,  impossibility  to  maintain  a  constantly  uniform 
mixture  of  the  gases,  and  so  forth.  In  this  connection  it  may  be 
mentioned  that  in  May,  1868,  Tessie  du  Motay  obtained  a  patent 
in  England  for  the  preparation  and  use  of  zirconia  in  a  com- 
pressed form  as  an  incandescing  medium,  but  no  practical  results 
followed  beyond  the  temporary  ones  above  referred  to. 

Before  any  improved  means  of  illumination  adapted  for  gen- 
eral domestic  purposes  can  be  considered  successful,  a  variety  of 
difficult  and  conflicting  conditions  must  be  fulfilled,  some  of  which 
are  as  follows  : 
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1.  Existing  fittings  should  not  be  interfered  with,  excepting  so 
far  as  burners  and  their  adjuncts  are  concerned,  and  no  separate 
system  of  service  pipes  must  be  required. 

2.  The  system  must  give  a  better  and  steadier  light  than  the 
ordinary  gas  flame ;  in  other  words,  the  inducement  to  employ  it 
must  be  obvious  and  decided. 

3.  The  cost  of  new  fittings,  and  of  altering  existing  ones,  must 
be  moderate. 

4.  The  management  of  the  system  must  be  as  simple  as  that 
required  for  gas,  facility  of  breakage  or  derangement  must  be  im- 
possible, and  the  duration  of  the  lighting  medium  must  be  so  great 
that  the  cost  of  renewals  (which  must  in  any  case  be  insignificant) 
should  be  inappreciable. 

5.  The  consumption  of  gas  must  not  be  increased,  but,  on  the 
contrary,  a  very  marked  saving  either  in  consumption  or  its  equiv- 
alent in  increased  light  must  be  secured. 

6.  The  combustion  of  the  gas  burned  must  be  more  perfect 
than  at  the  ordinary  gas  burner,  in  order  to  reduce  to  a  marked 
degree  the  objectionable  and  destructive  effect  of  gas  consumed 
in  dwellings. 

7.  The  light  obtained  must  remain  constant,  and  not  deterio- 
rate with  the  use  of  the  illuminating  medium. 

The  foregoing  are  all  probably  the  importaut  requirements  atten- 
dant upon  successful  system  of  gas  lighting  by  incandescence,  and 
if  they  can  be  fulfilled,  there  is  no  doubt  that  the  introduction  of 
electric  light  for  domestic  uses  would  be  indefinitely  postponed  in 
countries  where  gas  is  produced  and  sold  cheaply. 

Auer  von  Welsbach. — About  eighteen  months  since  considerable 
interest  was  excited  by  reports  coining  from  Yienna  that  an  Aus- 
trian physicist,  Professor  Auer  von  "Welsbach,  had,  after  long  ex- 
periment, succeeded  in  producing  an  exceedingly  thin  hood  or 
mantle  of  zirconium  oxide,  capable  of  receiving  a  high  degree  of 
incaudescence,  when  submitted  to  the  action  of  heat,  without  be- 
coming disintegrated,  and  of  sufficient  strength  to  resist  the  ordi- 
nary shocks  of  service.  Naturally  enough  the  first  stories  that 
were  set  afloat  as  to  the  remarkable  nature  of  this  method  of  illu- 
mination, called  subsequently  for  considerable  discount,  but  when 
all  allowances  had  been  made,  it  became  evident  that  Professor 
Auer  von  Welsbach  had  devised  a  beautiful  means  of  utilizing  the 
long-known  property  of  zirconium,  and  had  partially  elaborated  a 

stem  that  promises  to  have  before  it  a  certain  field  of  usefulness. 
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The  English  patents  bearing  on  this  particular  invention,  so  far 
as  they  are  made  public,  are  dated  December  ]2, 1885,  March  13, 
1886,  and  July  29  of  the  same  year. 

In  the  first  specification,  which  is  the  only  one  that  calls  for 
consideration  here,  it  is  set  forth  by  Professor  Welsbach  that  his 
invention  relates  to  the  manufacture  of  an  illuminant  appliance 
in  the  form  of  a  hood,  rendered  incandescent  by  gas  or  other  burn- 
ers. The  proportions  of  the  substances  used  for  impregnating  the 
hood,  as  already  described,  are  given  as  follows  : 

60  per  cent,  zircon ia  or  oxide  of  zirconium. 
20         "         oxide  of  lanthanum. 
20         "  ';     yttrium. 

or,  as  an  alternative  : 

50  per  cent,  zirconia. 

50         "  oxide  of  lanthanum. 

The  claim  in  this  specification  runs  as  follows :  "  The  manu- 
facture, substantially  as  herein  described,  of  an  illuminant  appli- 
ance for  gas  or  other  burners,  consisting  of  a  cap  or  hood  made 
of  fabric  impregnated  with  the  substances  mentioned  and  treated 
as  set  forth." 

It  is  to  be  regretted  that  although  nearly  a  year  and  a  half  have 
elapsed  since  Professor  Welsbach's  arrangement  excited  scientific 
interest,  but  little  has  been  done  in  practice,  and  the  only  available 
results  are  those  obtained  from  the  laboratory.  In  Vienna — its 
birthplace — some  public  offices,  shops,  and  private  dwellings  have 
adopted  it,  and  in  England,  wdiere  the  patents  were  acquired  at 
the  close  of  1885  by  a  syndicate,  now  merged  in  a  large  company, 
two  or  three  places  of  public  resort  have  been  lighted  by  it,  but 
only  so  recently  as  to  afford  no  means  of  judging  whether  the  in- 
ventor's claims  will  be  justified  by  experience.  In  London,  indeed, 
the  whole  of  last  year  appears  to  have  been  lost  in  perfecting  de- 
tails of  what  was  supposed,  six  months  before,  to  be  an  already 
perfect  invention,  and  for  this  reason  there  is  no  public  experience 
to  draAV  from  as  to  the  practicability  and  permanence  of  the  light. 
That  the  inventors  and  their  friends  are  profoundly  convinced  of 
the  immense  value  of  the  invention  is  shown  by  the  fact  that  they 
have  recently  launched  a  two-million-dollar  company  for  working 
the  process. 

The  arrangement  of  the  Welsbach  lamp  may  be  described  in 
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a  few  words.  A  hood  of  fine  fabric,  such  as  net,  is  impregnated 
with  the  zirconium  solution  already  referred  to,  and  when  dried 
and  shaped  symmetrically,  is  suspended  by  platinum  wires  over  a 
Bunsen  burner,  the  whole  being  preferably  inclosed  within  a  glass 
chimney.  When  the  burner  is  lighted  the  combustible  portion,  of 
the  hood  is  rapidly  burned  away,  and  the  water  of  the  solution 
evaporated,  leaving  a  skeleton  of  zirconium  oxide — a  perfect  replica 
of  the  original  fabric.  Under  the  action  of  the  heat  this  delicate 
surface  is  brought  up  to  a  vivid  incandescence,  though  it  does  not 
reach  its  maximum  illuminating  power  for  several  hours.  If  not 
broken  by  accident,  through  flaws  in  the  structure  or  from  other 
causes,  it  maintains  its  maximum  brilliancy  of  six  or  seven  candles 
per  foot  of  gas  burned  per  hour,  for  a  long  but  apparently  variable 
period,  dependent  probably  upon  a  variety  of  external  and  struc- 
tural conditions ;  this  period  of  maximum  usefulness  is  stated  to 
range  from  300  to  1,000  hours,  but  the  writer  gives  these  figures 
not  on  his  own  authority ;  it  is  clear,  however,  that  a  time  comes, 
when,  supposing  the  delicate  oxide  skeleton  has  withstood  the  ills 
to  which  it  is  peculiarly  heir,  begins  to  fail,  and  through  another 
period  of  gradually  decreasing  efficiency,  becomes  ultimately  use- 
less, unless;  indeed,  as  the  writer  believes  in  the  case  in  Vienna, 
the  hood  is  reinforced  by  the  addition  of  new  impregnating 
fluid,  a  delicate  operation  hardly  within  the  scope  of  the  average 
user. 

So  far  as  can  be  judged  from  present  imperfect  knowledge,  the 
Welsbach  light  complies  fully  with  some,  but  not  by  any  means 
with  all,  of  the  conditions  mentioned  above  as  being  necessary  for 
successful  domestic  lighting.  Existing  fittings  are  disturbed  only 
as  far  as  new  burners  are  necessary,  and  no  additional  service  pipes 
are  required.  The  light  is  far  better  than  that  given  by  gas,  and 
is  absolutely  steady  ;  the  color,  too,  is  preferable,  though  it  may  be 
mentioned  that,  normally,  the  Welsbach  light  is  intensely,  almost 
ghastly,  white  ;  it  would  appear  that  a  yellower  tone  is  considered 
preferable,  and  it  is  believed  that  hoods  giving  this  color  will  be 
issued  to  the  public.  A  remarkable  feature  of  the  light  is  the  rela- 
tive small  amount  of  heat  given  off,  which  is  not  without  its  advan- 
tages. Of  cost  the  writer  is  not  in  a  position  to  speak,  except  that 
the  two-million-dollar  company  already  mentioned  propose  to  make 
a  profit  of  $1.25  for  each  light  sold;  not  an  unreasonable  amount, 
apparently,  though  evidently  a  large  number  must  be  disposed  of 
to  pay  interest  on  so  heavy  a  capital.     The  chief  weakness  of  the 
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new  system  would  seem  to  lie  in  the  excessively  delicate  character 
of  the  hood,  which,  according  to  the  writer's  experience  (though 
he  would  carefully  point  out  that  this  must  not  be  taken  as  con- 
clusive) is  gradually  disintegrated  under  small  and  frequent  vibra- 
tions, such  as  those  caused  by  passing  vehicles  in  an  adjacent 
street.  It  is,  moreover,  scarcely  possible  to  believe  that  any  zir- 
conium hood  would  have  a  long  life,  under  ordinary  treatment  in 
general  use,  and  the  annoyance  and  expense  attendant  upon  more 
or  less  frequent  renewals  would  militate  greatly  against  its  suc- 
cessful adoption,  to  say  nothing  of  the  difficulties  attendant  on 
the  transport  of  these  fragile  films,  and  the  delicate  operation  of 
fixing  them  on  the  burners.  The  remaining  conditions,  except 
that  relating  to  duration  of  efficiency,  are  certainly  established 
beyond  dispute,  but  it  will  be  readily  admitted  that  the  fragility 
of  the  vital  organ  will  retard  its  general  adoption  until  thorough 
experience  shall  have  proved  the  danger  to  be  imaginary,  or  some 
means  have  been  devised  of  strengthening  the  hood. 

Williams. — Attention  should  be  drawn  to  the  specification  of 
a  very  prolific  inventor  (English  patent,  January  16,  1S82),  Mr.  J. 
S.  Williams,  of  Riverton,  Xew  Jersey,  in  which  a  "  thermo-candle  " 
is  described  in  somewhat  distracting  variet}-.  Several  sentences  of 
considerable  significance,  however,  occur  as  foreshadowings  of  the 
"Welsbach  methods,  e.g.,  "  I  impregnate  or  coat  a  gauze  of  any  suit- 
able material  as  a  base  or  form  for  the  deposition  of  metal  or  metal 
alloys,  and  thereby  obtain  an  extended  open  surface  for  the  devel- 
opment of  the  light  with  a  comparatively  small  amount  of  material 
to  be  heated.  ...  I  construct  or  form  the  light-emitting  portion 
of  the  thermo-candle  by  the  deposition  of  highly  refractory  metal 
or  alloys  upon  a  base  or  form  composed  of  other  materials.  .  .  . 
I  employ  metallic  salts  or  oxides,  both  in  solution  for  coating,  or 
both  impregnating  and  coating  the  fibrous  or  other  piece,  which 
serves  as  the  form  ;  for  instance,  I  can  first  dip  the  piece  of  fibrous 
gauze,  asbestos,  muslin,  silk,  metal,  or  other  form  or  piece  in  salt, 
or  oxides  of  magnesium,  or  other  material.  I  can  employ  for  this 
purpose  any  suitable  salt  or  oxide."  And  a  little  before  he  says 
that  metals  possessing  the  greatest  refractory  quality  can  be  spread 
over  a  surface  as  a  mere  film  in  thickness,  and  can  be  alloyed  with 
a  cover  and  coat  of  other  materials,  such  as  oxides  of  magnesium, 
calcium,  zirconium,  and  the  like. 

Clamond. — Following  another  line  of  experiment,  M.  Ch.  Cla- 
mond,  of  Paris,  has  succeeded  since  1880  in  evolving  a  system  in 
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which  a  brilliantly  white  light  is  obtaiued  by  incandescence,  but 
which,  for  several  reasons — chief  among  them  the  fragile  charac- 
ter of  the  incandescent  medium,  and  its  short  duration — does  not 
seem  to  recommend  it  for  adoption  except  in  special  cases.  M. 
Clamond's  original  idea  is  contained  in  an  English  patent  granted 
on  May  24, 1880,  and  is  embodied  in  the  following  paragraph : 

'•  The  object  of  the  apparatus  is  to  produce  a  flame  which,  sus- 
tained by  atmospheric  air,  is  rendered  capable  of  producing  the 
luminous  effects  of  flames  sustained  by  oxygen,  this  result  being 
obtained  by  a  preliminary  heating  to  a  high  temperature  of  the 
air  that  sustains  the  flame,  so  that  little  or  none  of  the  heat  evolved 
at  the  point  of  combustion  is  absorbed  in  heating  the  inert  nitro- 
gen. For  the  combustion  of  gas  in  this  manner,  the  air,  on  its  way 
to  the  flame,  is  caused  to  pass  through  a  tube  of  refractory  mate- 
rial, which  is  heated  to  a  high  temperature  by  jets  of  the  gas  playing 
against  its  external  surface,  and  in  order  that  the  air  maybe  more 
thoroughly  heated,  the  interior  of  the  tube  is  divided  by  partitions 
having  apertures  through  which  the  air  has  to  pass  in  a  zigzag 
manner,  being  subdivided  into  numerous  streams  directed  against 
the  heated  sides  of  the  tube.  From  the  tube  the  heated  air  issues 
through  small  apertures  and  mingles  with  the  ignited  gas,  pro- 
ducing a  flame  of  intense  heat  which,  directed  on  refractory  mate- 
rial, such  as  lime,  causes  incandescence." 

Subsequent  patents  were  obtained  by  M.  Clamond  in  1882  and 
1883  for  improvements  and  modifications,  the  special  feature  of 
the  system  being  the  use  of  magnesia  filaments  as  an  incandes- 
cent medium. 

Lights  of  this  kind  are  used  in  Paris  to  a  limited  extent,  and 
are  now  being  introduced  in  London,  with  what  prospect  of  suc- 
cess the  writer  is  unable  to  say.  The  consumption  of  gas  by  this 
system  is  stated  to  be  about  1  cubic  foot  per  hour  for  5  caudles, 
and  its  principal  drawback  appears  to  be  the  short  life  of  the  mag- 
nesia basket,  and  which,  according  to  a  French  writer,  varies  from 
twelve  to  fifteen  hours.* 

Fahnejelm . — As  bearing  directly  on  this  point  of  the  subject, 
reference  should  be  made  to  a  very  interesting  application  of  the 
Strong  water  gas,  carried  out  in  1884,  for  illuminating  purposes,  at 
the  works  of  Messrs.  Schultz,  Knaudt  &  Co,  Essen,  Germany,  where 
the  gas  has,  for  a  long  time,  been  largely  used  for  numerous  pur- 
poses, especially  for  welding.  The  gas  contains  about  90  per  cent., 
*  "  L'Eclairaye  d<ms  la  Ville  et  dans  la  Maison"  by  Ph.  Delahaye,  Paris. 
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by  volume,  of  combustible  constituents — 50  volumes  hydrogen,  40 
volumes  carbonic  oxide,  5  volumes  carbonic  acid,  and  5  volumes 
nitrogen.  Prolonged  experiments  were  made  to  convert  the 
intense  non-luminous  combustion  of  the  water  gas  into  a  lumi- 
nous flame  by  the  addition  of  heavy  hydro-carbons,  but  no  success 
attended  these  efforts,  and  the  proposals  of  a  Swedish  engineer, 
Mr.  Otto  Fahnejelm,  of  Stockholm,  were  favorably  entertained. 
The  system  of  incandescence  lighting  devised  by  this  inventor  in- 
volved the  use  of  a  number  of  thin  rods  of  magnesia,  rather  thin- 
ner than  the  lead  in  an  ordinary  drawing  pencil.  They  are  made 
by  making  magnesia  made  into  paste  with  a  glutinous  medium, 
and  forcing  it  through  dies.  These  rods  are  then  brought  to  a 
very  intense  heat  in  a  crucible,  when  they  become  almost  like  por- 
celain. A  double  row  of  them  is  clamped  in  a  metal  holder  and 
suspended  over  the  flame  of  water  gas  issuing  from  an  ordinary 
burner.  The  light  emitted  is  very  white  and  beautiful,  and  the 
whole  of  Messrs.  Schultz,  Knaudt  &  Co.'s  works  are  lighted  by  it, 
the  ordinary  gas  fittings  having  been  employed.  The  rods  of 
magnesia  last  from  80  to  100  hours  each,  and  each  comb  complete 
costs  about  five  cents.  It  is  stated  that  the  cost  of  the  gas  is  less 
than  fourpence  per  1,000  feet.  This  method  of  lighting  formed 
the  subject  of  a  patent  taken  out  in  England  by  Mr.  Fahnejelm 
on  the  5th  of  December,  1883. 

Quite  a  number  of  inventors  have  obtained  patents  for  the  use 
of  wire  gauze  made  from  refractory  metals,  and  shaped  into  caps 
or  cones,  to  which  the  gas  and  air  are  conducted,  for  the  most  part 
under  pressure,  involving,  of  course,  the  use  of  special  apparatus, 
and  consequently  placing  the  device  beyond  the  limits  of  general 
application. 

Popp. — Among  these  are  two  patents  of  Victor  Popp,  of  Paris, 
dated  September  16;  1882,  and  March  1,  18S4,  containing  descrip- 
tions of  pressure  regulators,  fittings,  and  gauze  incandescence 
cones,  but  which  call  for  no  special  remark.  Other  inventors 
whose  schemes  are  placed  on  record  in  the  Euglish  Patent  Office 
are  as  follows : 

Palmer. — J.  D.  Palmer,  of  London,  filed  a  specification  on  Jan- 
uary 22,  1876,  for  the  combination  of  a  finely-woven  wire  gauze 
cap  of  platinum,  iridium,  or  other  refractory  metal,  with  a  base 
through  which  atmospheric  air  and  gas  at  ordinary  pressure  were 
admitted  ;  these,  mixing  within  the  cap,  produced,  on  ignition,  suf- 
ficient heat  to  incandesce  the  gauze,  the  effect  being  increased  by 
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the  addition  of  a  central  metal  rod  that  was  brought  to,  and  main- 
tained, at,  a  very  high  temperature  by  the  burning  gases. 

Reckenzaun  and  Redfield. — Messrs.  A.  JReckenzaun  and  J.  H. 
R-edfield  have  a  patent  dated  March  14,  1882,  for  producing  light 
and  heat.  This  patent  refers  mainly  to  apparatus  for  producing 
gas  from  a  mixture  of  air  and  hydro-carbon  ;  reference,  however, 
is  made  to  a  burner  formed  of  a  coil  or  other  form  of  platinum  or 
iridium  gauze  to  which  the  gas  is  led,  and  when  it  is  ignited,  it  is 
stated  that  this  arrangement  is  suitable  for  heating  purposes. 

Cooper. — Thomas  Cooper,  of  Norfolk,  filed  in  January,  1883,  a 
provisional  protection  for  a  form  of  lamp  in  which  air,  impreg- 
nated with  hydro-carbon,  was  to  be  led  to  a  cap  of  platinum  or 
iridium  gauze  and  ignited. 

Wicken. —  \V.  B.  "Wicken,  of  London,  filed  a  provisional  speci- 
fication March  19, 1883,  for  a  regenerating  gas  lamp,  in  which  the 
source  of  light  was  to  be  a  spherical  mass  of  loosely  compacted 
platinum  wire  suspended  over  the  heat  of  a  Bunsen  burner. 

Lewis. — We  now  come  to  the  last  group  of  published  patents 
having  reference  to  that  system  of  illumination  by  incandescence. 
These  were  taken  by  Mr.  James  Lewis,  of  London.  There  are 
five  of  these  patents  in  all,  taken  out  between  April  14,  1881,  and 
October  21, 1884,  a  period  which,  it  will  be  observed,  includes  the 
dates  of  the  Clamond,  Popp,  and  other  patents  already  referred 
to,  although,  of  course,  the  use  of  platinum  or  other  refractory 
metal  gauze  had  been  described  long  before. 

The  leading  idea  in  Lewis's  first  patent,  developed  and  carried 
into  practical  form  in  the  subsequent  ones,  is  for  the  combination 
of  certain  parts  forming  burners  supplied  with  gas  and  air,  the 
latter  under  pressure,  in  such  a  way  as  to  secure  an  intense  heat 
on  combustion,  used  to  incandesce  a  platinum  gauze  cap. 

Although  none  of  the  Lewis  methods  seem  as  yet  to  have 
proved  adapted  for  ordinary  use,  yet  it  is  difficult  to  conceive  a 
more  brilliant,  steady,  or  beautiful  light  than  he  obtains  from  the 
incandescence  of  the  platinum  cone,  when  the  combustion  of  the 
gas  is  supported  by  air  under  pressure.  A  small  cap  of  platinum 
gauze  yields  a  light  of  at  least  200  candles  with  a  consumption  of 
30  to  35  feet  of  gas  per  hour.  A  curious  feature  of  this  system  is 
that  the  temperature  to  which  the  platinum  is  raised  is  so  great 
that  it  may  be  exposed  to  a  heavy  rain,  or  water  may  be  thrown 
over  it,  without  any  apparent  effect,  the  light  continuing  as  steady 
as  when  being  under  shelter.     On  the  other  hand,  not  only  is  the 
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system  inapplicable  for  general  use  on  account  of  the  double  mains 
being  a  necessity,  but  the  noise  produced  at  the  burner  render  it 
unsuitable  except  for  lighting  very  large  covered  spaces,  or  for 
out-of-door  work.  Many  of  these  lights  have  been  worked  in  and 
near  London,  where  they  have  done  good  service  under  special 
conditions. 

Sello?i  — Attention  will  now  be  called  to  some  improvements 
upon  the  Lewis  system  of  gas  lighting  by  incandescence,  which 
appears,  so  far  as  experience  and  experiment  allow  a  conclusion 
to  be  drawn,  to  fulfill,  more  nearly  than  any  other  plan  yet  de- 
vised, the  varied  and  difficult  conditions  required  for  domestic 
and  general  use.  Nothing  has  yet  been  made  public  upon  the  de- 
tails, which  have,  however,  been  under  careful  and  continuous 
test  for  the  past  four  months,  nor  are  the  patent  specifications  re- 
lating to  it  published,  so  that  it  is  only  possible  to  describe  the 
system  generally,  to  record  what  results  have  so  far  been 
obtained,  and  to  exhibit  a  specimen  of  two  types  of  lamp 
that  you  may  judge  how  nearly  practical  success  has  been  ob- 
tained. The  patentee  of  these  improvements  is  Mr.  J.  S.  Sellon, 
whose  name  is  familiar  throughout  the  world  in  connection  with 
electric  lighting.  Mr.  Sellon  is,  moreover,  one  of  the  partners  of 
Messrs.  Johnson,  Matthey  &  Co.,  who,  in  Europe,  at  all  events, 
take  the  lead  as  workers  of  platinum  and  other  rare  metals,  so  that 
in  this  respect  Mr.  Sellon  has  enjoyed  especial  facilities  iu  experi- 
menting with  alloys  of  refractory  materials  such  as  are  requisite, 
to  withstand  usage  and  give  a  high  incandescent  duty.  Like  Mr. 
Lewis,  Pop]),  and  many  others,  Mr.  Sellon  makes  use  in  one  of  his 
types  of  a  cone  of  metal  gauze,  the  exact  nautre  of  which  is  not 
yet  made  public,  but  which  has  proved  during  the  last  four 
mouths  its  light-giving  and  resistant  properties.  The  cone  is 
formed  with  three  projections  or  ribs  running  symmetrically  from 
its  apex  to  its  base.  While  these  ribs  assume  the  useful  purpose 
of  strengthening  the  cone  and  making  it  practically  rigid,  their 
presence  is  explained  by  the  ingenious  and  simple  mode  of  manu- 
facture. 

Strips  of  metallic  gauze  of  a  width  equal  to  the  depth  of  the 
cone  are  cut  into  triangular  pieces  of  such  a  form  that  when  bent 
and  the  edges  turned,  three  of  them  put  together  make  up  the 
hood.  In  this  way  there  is  no  waste  of  material,  and  the  process 
of  manufacture  is  made  absolutely  simple.  The  pieces  are  then 
fused  together  at  the  edge  by  the  oxy  hydrogen  blowpipe,  and  a 
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very  rigid  cone  is  obtained.  The  cost  of  such  hoods  is  about  half 
a  dollar,  and  when  worn  out  they  can  be  renewed  for  a  few  cents. 
The  Bun  sen  burner  is  of  a  form  perfected  by  Mr.  Lewis ;  it  will  be 
noticed,  Fig.  170,  that  an  ample  length  of  tube  is  allowed  between 
the  gas  and  air  inlets  and  the  poiut  of  combustion,  the  result  being 
a  quiet  and  intense  flame,  not  materially  affected  by  the  ordinary 
differences  in  gas  pressures,  and  presenting  no  liability  to  light 
back.  As  will  be  seen,  the  arrangement  lends  itself  admirably  to 
table  lamps,  and  is  equally  well  adapted  for  chandeliers  and  other 
fittings.  Sufficient  time  has  not  yet  elapsed  to  decide  the  ulti- 
mate life  of  the  cones,  but  four  months'  severe  test  has  failed  to 
develop  any  material  change  either  in  the  structure  of  the  alloy  or 
in  its  incandescent  properties,  and,  to  all  appearances,  the  useful 
limits  of  the  cone  are  sufficient  to  insure  their  practical  utility. 
The  light  is  of  a  very  agreeable  color,  and  the  steadiness  absolute  ; 
it  will,  moreover,  be  at  once  appreciated  that  the  stoutness  and  the 
rigidity  of  the  cones  adapts  them  to  resist  the  shocks  of  any  ordi- 
nary wear  or  accident ;  if  necessary,  they  can  be  taken  off,  cleaned, 
and  replaced  by  any  unskilled  person,  and  renewals  can  be  made 
with  equal  facility.  As  regards  consumption  of  gas  and  illuminat- 
ing efficiency,  the  tests  carried  out  over  a  comparatively  long 
period  show  Avith  a  burner  consuming  6  feet  per  hour  the  efficiency 
of  5  candles  per  cubic  foot  of  gas  burned,  being  an  economy  of  45 
per  cent,  as  compared  with  the  Board  of  Trade  standard  Argand. 
Another  form  given  to  this  system  is  the  so-called  "star  lamp," 
an  arrangement  combining  a  large  amount  of  efficiency  with  a 
pleasing  form.  In  this  lamp,  the  mixed  gas  and  air  flow  from  the 
Bunsen  burner  into  the  lower  half  of  the  glass  globe,  which  is  com- 
pleted by  another  half  globe  above,  finishing  with  a  chimney ; 
these  half  globes  are  coupled  by  any  convenient  attachment,  but 
are  separated  by  an  asbestos  diaphragm,  in  the  center  of  which  is 
cut  a  star-shaped  or  circular  opening,  in  which  is  placed  a  flat 
piece  of  gauze  woven  from  the  refractory  alloy.  Combustion  takes 
place  on  the  upper  surface  of  the  gauze,  which  is  almost  immedi- 
ately brought  to  a  vivid  state  of  incandescence,  giving  an  illumi- 
nating efficiency  with  a  burner  consuming  7  feet  per  hour  of  6  can- 
dles per  foot  of  gas.  There  is  no  visible  flame  upon  the  surface 
of  the  gauze,  and  the  brilliancy  of  the  light  attests  to  the  perfec- 
tion of  combustion.  A  shade  surmounting  the  globe  renders  this 
form  of  lamp  specially  suitable  for  domestic  use.  In  a  modifica- 
tion of  this  star  lamp,  the  heated  air  rises  through  a  metal  chim- 
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ney  surrounded  by  larger  tubes  that  serve  to  carry  downward  the 
gas  and  air  supply  into  the  glass  globe  beneath,  wrhere  they  mix, 
and,  ascending  through  the  gauze,  become  ignited.  This  form  is 
intended  particularly  for  more  powerful  illumination  than  is  gen- 
erally required  for  house  lighting,  except  for  entrance  halls  or 
similar  situations,  where  the  Wenham  lamp  now  finds  a  large  ap- 
plication. Two  allegations  against  this  system  naturally  suggest 
themselves — danger  from  explosion  of  the  mixed  air  and  gas  in 
the  lower  part  of  the  globe,  and  the  obscuring  of  the  surface  of  the 
latter  by  deposition  from  the  gas,  which  would  thus  gradually  cufc 
off  a  portion  of  the  light.  With  regard  to  the  first  point,  the  writer 
is  assured  that  exhaustive  experiments  have  been  made  to  test  the 
security  of  the  lamp,  and  that,  under  the  most  trying  conditions, 
he  has  failed  to  bring  about  ignition  except  on  the  upper  surface 
of  the  gauze.  As  for  the  latter  point,  the  globes  appear  to  want 
cleaning  no  oftener  than,  under  ordinary  conditions,  they  require 
to  be  attended  to  on  account  of  the  accumulation  of  dust.  This 
system  of  lighting  does  not  show  the  character  of  the  Welsbach 
light  in  being  comparatively  cool,  as  its  radiant  heat  is  about  the 
same  as  that  of  gas.  This,  however,  does  not  seem  to  be  wholly 
a  disadvantage,  as,  probably,  in  the  majority  of  households,  the 
heat  given  off  by  gas  is  not  unwelcome  in  the  winter  months. 
Upon  the  wdiole  this  latest  development  in  the  science  of  gas  light- 
ing by  incandescence  seems  to  be  by  far  the  most  perfect  that  has 
yet  been  proposed,  as  it  fulfills,  practically,  all  the  conditions  re  - 
quired  for  domestic  lighting.  Existing  fittings  are  scarcely  inter- 
fered with,  except  as  regards  the  burners ;  the  light  is  absolutely 
steady,  and  the  economy  over  standard  gas  burners  is  about  45 
per  cent.;  the  first  cost  is  insignificant,  the  management  is  simple, 
and  the  duration  of  the  incandescing  medium  has  been  proved  by 
eight  months  of  service ;  renewals  are  inexpensive  and  easily  made 
by  unskilled  labor,  while  the  permanence  of  the  light  given  is  fully 
maintained.  It  would,  however,  of  course,  be  premature  to  form 
anything  like  a  definite  opinion  upon  the  ultimate  merits  of  this 
ingenious  and  promising  system ;  its  future  can  only  be  decided 
on  by  public  appi-oval  after  considerable  time.  But  it  seems  to 
the  writer  that  the  subject  forms  sufficient  interest  and  impor- 
tance to  be  placed  before  this  meeting,  especially  as  this  is  the 
first  occasion  in  which  the  Sellon  light  has  been  exhibited  in  the 
United  States. 
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(Added  by  the  Secretary.) 
The  star  lamp  referred  to  in  the  latter  paragraphs  of  the  paper  and  sent 
on  for  exhibition  at  the  meeting  is  illustrated  in  Fig.  170.  A  is  the  upper  glass 
chimney,  and  D  is  the  lower  one,  similar  but  shorter,  b  is  a  brass  ring  secured 
lo  tlie  lower  globe  or  chimney,  D,  by  four  brass  set  screws  and  bearing  four 
other;;,  c,  by  which  a  may  be  secured  to  it  as  the  ordinary  globe  is  fastened  on 
a  gas  bracket  or  chandelier.  The  lower  screws  secure  an  asbestos  or  talc  dia- 
phragm at  the  joint  of  A  and  D.  This  asbestos  diaphragm,  h,  has  a  star- shaped 
opening  cut  in  its  center,  which  is  covered  by  the  special  gauze,  to.  At  the  bot- 
tom of  D  is  the  "  gallery,"  E,  as  the  author  calls  it,  which  is  fitted  with  spring  clips 
in  the  usual  way  to  hold  a  cylindrical  chimney.  For  the  star  lamp  this  gallery 
has  a  flat  top  with  side  openings.  For  the  smaller  and  simpler  lamp,  using  a 
straialit  cylindrical  chimney,  the  cone  of  gauze  fits  right  over  the  central  turret, 
within  the  chimney.  In  either  case,  the  gallery  screws  upon  the  top  of  an  improved 
Bunsen  burner  tube,  f,  the  latter  having  an  enlargement  at  G,  where  the  air 
inlets  are.  Below  that  the  stand  is  like  any  table  standard  base.  The  tube 
screws  off  at  G  from  the  gas  inlet,  and  various  nipples  can  be  substituted  to  suit 
various  pressures  in  the  street  mains  to  secure  best  efficiency.     For  the  star  lamp 


Fig.  170. 


A  -  -  Upper  chimney 

D  -  -  Lower  chimney 

E  --Gallery 

F  -  -  Bunsen  burner-tube 

G-  -Air  inlet 

h  -  -  Asbestos  diaphragm 

m  —  Gauze 


an  ordinary  shade  holder  screws  on  the  top  of  f  just  below  the  gallery,  so  that 
a  porcelain  shade,  fitting  just  over  the  convexity  at  the  bottom  of  A,  may  throw 
the  light  downward.  The  gas  supply  is  through  the  usual  ^-inch  tube  used  for 
table  standards. 
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CCLVIII. 

PRESIDENTS  ADDRESS,  1886.  * 

BT  COLEMAN   SELLERS,  PHILADELPHIA,  PA. 

(Member  of  the  Society,  and  President,  1885-86.) 

A  long  and  tedious  illness,  covering  the  whole  of  my  term  of 
office  as  President  of  the  American  Society  of  Mechanical  Engin- 
eers has  prevented  me  from  performing  duties  which  would  have 
been  a  pleasure  to  me.  When  the  time  came  forme  to  speak  to 
you,  I  was  still  too  ill  to  prepare  an  address,  and  I  cannot  review 
the  work  of  the  year,  for  much  of  the  time  has  been  a  blank  to 
me.  Nor  do  I  feel  inclined  to  confine  myself  to  any  one  theme,  as 
I  desire  to  invite  your  consideration  of  a  variety  of  topics  which 
appear  to  me  germane  to  our  organization. 

The  clouds  of  financial  depression  which  have  so  long  hung  over 
all  countries  seem  now  to  be  lifting,  and  we  have  reason  to  hope 
for  a  revival  of  trade  and  better  opportunities  to  apply  our  talents 
to  the  good  of  the  mechanical  industries  of  the  United  States. 
Last  summer  the  distinguished  President  of  the  Institution  of  Me- 
chanical Engineers  of  Great  Britain,  took  the  depression  of  trade 
as  the  text  for  his  admirable  annual  address,  pointing  out  causes  or 
supposed  causes  and  making  a  fair  comparison  to  illustrate  his  ar- 
gument between  the  conditions  that  held  in  this  country  and  Eng- 
land.  He  pointed  out  the  advantages  which  accrued  to  America 
from  well-considered  and  well-organized  mechanical  enterprises, 
referring  particularly  to   the   American  system  of  manufacturing 


*  [Note  by  the  Secretary. — Mr.  Sellers  was  prevented  by  illness  from  pre- 
siding at  any  of  the  sessions  of  the  Society  during  his  term  of  office,  and  from 
preparing  and  presenting  his  retiring  address  at  the  usual  opening  session  of  the 
Annual  Meeting  in  New  York,  November  29th,  1886.  It  was  arranged,  however, 
that  its  preparation  might  be  deferred  until  the  author's  recovery  should  be  far 
enough  advanced  to  admit  of  its  completion, which  has  fortunately  occurred  before 
the  volume  was  entirely  ready,  so  that  the  Address  appears  in  this  place  instead 
of  in  its  usual  place  at  the  close  of  the  proceedings  of  the  Aunual  Meeting  at  page 
45  of  this  volume.— F.  R.  H.] 
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bridges  and  watches.  In  regard  to  the  latter  industry  he  pointed 
to  the  decline  of  the  watch-making  trade  of  Liverpool,  where  the 
work,  employing  formerly  a  large  number  of  hands,  was  carried  on 
in  private  workshops,  with  few  tools,  or  at  the  homes  of  the  work- 
men, without  improved  machinery  to  help  them,  and  without  any 
systematic  division  of  labor.  In  contrast  to  this,  the  great  watch 
factories  in  the  United  States  have  aimed  to  select  a  good  model,  to 
perfect  that  model,  and  then  to  cheapen  the  output  by  systematic 
organization,  with  the  result  so  well  known  now,  of  gradually  de- 
stroying the  trade  in  England  and  rapidly  introducing  American 
watches  into  all  countries.  The  selection  of  examples  cited  was 
good,  but  these  examples  were  bat  a  small  part  of  the  many  similar 
cases  which  illustrate  the  value  of  the  methods  adopted  in  our  coun- 
try, and  which  work  to  its  advantage. 

Those  American  industries  which  are  having  so  marked  an  effect 
on  trade  are  the  work  of  specialists.  The  tendency  of  modern 
times  is  to  encourage  specialties.  In  Medicine  and  in  Law  the 
great  men  are  specialists,  and  so  it  is  in  mechanics.  An  old  time  en- 
gineer, the  head  of  one  of  the  largest  machine  shops  in  Philadelphia, 
forty  years  ago  pointed  out  the  need  of  specialists  in  mechanics, 
and  the  great  advantage  of  manufacturing  establishments  over  job- 
bing machine  shops.  He  used  to*  say  that  the  jobber,  selling  his 
thoughts  to  one  purchaser  at  a  time,  wastes  his  brain  capital.  He 
spends  his  energies  on  each  emergency  with  little  or  no  prospect  of 
repeating  the  construction  upon  which  he  has  expended  much 
thought  or  of  applying  again  ingenious  devices  worked  out  for 
unique  cases.  The  manufacturer  on  the  other  hand,  invests  his 
mental  capital,1  in  what,  if  salable,  yields  him  a  constant  income. 
He  can  improve  his  product  and  in  most  cases  cheapen  his  output 
by  improved  methods  of  manufacture,  or  by  the  introduction  of 
special  tools  and  appliances  prepared  for  him  by  other  specialists  in 
that  line.  It  is  here  that  the  true  value  of  the  unique  patent  laws 
of  this  country  is  felt.  The  trials  and  tribulations  of  passing  the 
patent  office  save  subsequent  litigation,  and  the  manufacturer,  pro- 
tected, can  perfect  and  install  a  plant  adapted  to  his  purposes,  while 
the  unprotected  maker  cannot  venture  on  such  a  risk.  The  product 
of  the  manufacturer  is  cheapened,  too,  through  the  perfection  of  the 
personnel  of  his  establishment.  Besides  what  he  may  do,  his  subor- 
dinates in  their  several  capacities,  with  the  hope  of  large  earnings, 
improve  their  work  in  quantity  and  quality*  They  become  more 
skillful  and  they  take  a  greater  interest  in  their  work  if  enabled  to 
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share  the  profits  by  any  well  devised  system  of  piece  work.     They 
suggest  improvements  or  what  may  lead  to  improvements. 

Forty  years  ago  when  this  far-seeing  man  urged  the  advantage 
of  manufacturing  machine  shops,  there  was  not  much  competition 
in  trade  as  compared  to  what  there  is  now.  Even  then  separation 
in  competition  came  with  distance  apart  of  the  shops  in  miles,  while 
now  distance  does  not  separate.  Workshops  are  not  now  secure 
in  the  trade  of  their  own  immediate  neighborhood.  Steam  and  elec- 
tricity have  eliminated  distance,  and  the  market  is  for  the  one  who 
can  clothe  best  work  for  the  least  money.  This  old-time  engineer 
was  a  man  almost  without  education- — I  mean  book-learning.  He 
was  a  learned  man  so  far  as  long  practice  and  a  good  memory  had 
made  him  so.  He  was  a  walking  encyclopedia  of  his  own  and 
others'  experience.  He  could  remember  all  sorts  of  devices  con- 
trived by  this  or  that  man,  and  was  full  of  anecdote  to  illustrate 
his  points.  His  drawing  board  was  any  plank  at  his  command  and 
his  instruments  a  bit  of  chalk.  He  knew  where  every  pattern  was 
placed  in  the  loft  and  could  combine  them  to  meet  his  emergencies. 
He  was  very  quick  in  detecting  talent  in  those  under  him,  and  em- 
ployed more  good  draughtsmen  than  any  other  similar  establish- 
ment of  his  time  in  his  city.  My  old  friend  used  to  point  to  certain 
lathes  which  he  had  built  from  patterns  loaned  to  him  by  a  lathe 
builder,  and  upon  which  he  had  thought  he  would  save  money  by 
making  them  himself.  Those,  however,  after  some  years  of  use,  cost 
more  in  repairs  and  proved  to  be  more  costly  than  the  finished 
lathes  which  he  had  purchased  from  the  same  manufacturer.  This 
was  one  of  his  examples  of  the  great  advantage  arising  from  special- 
ties in  machine  making.  When  in  England,  in  1S84,  I  was  much 
struck  with  the  mercantile  ability  displayed  in  the  conduct  of  one 
large  establishment.  This  was  essentially  a  manufacturing  shop, 
and  the  heads  of  the  concern  were  merchants  or  had  been  trained 
as  merchants.  Gifted  with  marked  administrative  ability,  they  had 
secured  the  co-operation  of  good  mechanical  ability,  and  knew  just 
what  to  make,  how  to  make  it,  and  how  to  sell  it.  The  engineer 
who  counts  cost  as  nothing,  as  compared  to  the  result,  who  holds 
himself  above  the  consideration  of  dollars  and  cents,  has  missed  his 
vocation.  The  time  has  come  when  we  must  bring  into  the  eon- 
duct  of  our  shops  the  best  clerical  ability  for  collecting  and  tabula- 
ting the  statistics  of  business.  This,  however,  can  only  be  carried 
out  to  advantage  when  the  engineering  head  of  the  establishment 
is  able  to  do  the  clerical  work  himself,  so  as  to  direct  and  to  teach 
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those  who  are  employed  to  do  this  work.  Presently  I  shall  come 
to  speak  of  the  education  of  engineers,  and  I  will  at  the  same  time 
take  exception  to  the  system  of  teaching  in  vogue  in  the  public 
schools,  where  the  mercantile  education  is  carried  farther  than  need 
be;  and  I  feel  satisfied  that  the  mercantile  part  of  our  profession 
should  be  thoroughly  taught  in  the  higher  technical  schools,  just  in 
fact  where  it  is  not  taught.  I  am  safe  in  saying  that  no  profession 
requires  a  broader  education  than  that  of  the  mechanical  engineer. 
He  must  be  a  physicist,  a  merchant,  a  lawyer,  a  chemist,  and  he 
should  know  how  to  express  himself  in  his  mother  tongue  and  be 
master  of  the  modern  languages  far  enough  to  have  access  to  the 
scientific  publications  of  other  countries. 

My  own  experience  from  the  time  when  as  a  boy  I  worked 
during  holidays  in  my  father's  pattern  shop,  covers  more  than  half 
a  century,  and  it  has  been  my  good  fortune  to  have  had  to  do  with 
many  mechanical  trades,  from  the  farm  to  the  rolling  mill,  in  the 
lowest  grade  of  workman,  before  I  was  fortunate  enough  to  con- 
nect myself  with  a  manufacturing  establishment,  where  I  could 
learn  the  necessity  of  countingcost  in  everything  and  where  I  fully 
learned  the  value  of  the  mercantile  part  of  the  profession. 

An  engineer  must  learn  early  to  view  all  things  equally,  to  be 
patient  in  his  scheming,  never  to  be  satisfied  with  good  enough. 
Nothing  is  good  enough  if  there  is  a  chance  to  make  it  better.  It 
is  the  least  part  of  an  engineer's  work  to  accomplish  a  given  result; 
it  is  the  greatest  part  to  accomplish  the  result  in  such  a  manner  as 
almost  to  defy  improvement.  The  world  is  full  of  examples  of  en- 
gineering enterprises  which  are  crude  and  ill  considered.  I  re- 
member standing  in  a  forge  yard  in  England  where  there  was  a  vast 
collection  of  broken  engine  shafts  and  other  pieces  of  machinery.  I 
was  there  to  look  at  the  crank  shaft  of  one  of  the  largest  of  the  ocean 
steamers.  Standing  on  that  broken  crank  shaft  I  could  see  around 
me  hundreds  of  mistakes — good  workmanship  cast  aside  on  account 
of  errors  in  design.  I  thought  what  a  fearful  record  it  would  make 
if  we  could  see  the  aggregate  cost  cf  all  these  mistakes.  In  former 
times  such  mistakes  as  still  occur  were  more  excusable  than  they  are 
now.  Through  these  many  mistakes,  however,  we  have  come  to  be 
possessed  of  a  vast  amount  of  useful  knowledge.  The  steam  engine 
has  grown  by  the  survival  of  the  fittest,  and  from  the  perfected 
steam  engine  has  been  worked  out  the  theory  of  thermodynamics. 
The  steam  engine  in  its  highest  form  preceded  the  theoretical 
knowledge  which  has  been  written  up  under  the  name  of  thermo- 
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dynamics,  just  as  the  music  of  the  great  masters  was  written  and 
played  long  before  the  science  called  acoustics  had  been  worked  out : 
long,  too,  before  the  laws  which  govern  harmony  had  been  formu- 
lated and  placed  in  the  student's  hands.  These  laws  are  now  the 
common  property  of  all  students.  In  view  of  what  we  know  in 
regard  to  steam  and  its  conditions,  we  are  not  guiltless  if  we  repeat 
the  errors  of  the  past  for  the  want  of  seeking  after  truth  which  is 
accessible  to  us.  Even  forty  years  ago  we  were  more  excusable  for 
our  want  of  knowledge,  but  now  we  have  schools  to  teach  mechan- 
ical engineering,  schools  to  teach  us  how  to  observe  facts.  Books 
are  multiplying.  Our  own  Society  is  doing  good  work  in  the  di- 
rection of  original  research  through  the  well  considered  experi- 
ments of  its  members,  and  we  widen  our  conception  of  the  laws 
which  govern  matter  and  of  the  material  with  which  we  have  to 
work.  The  day  for  empiricism  in  mechanics  has  gone  by.  As  I 
have  already  pointed  out  in  lectures  before  the  Franklin  Institute 
of  Philadelphia,  the  wonderful  progress  in  modern  times  is  due  to 
our  method  of  observing  facts  and  of  grouping  them  in  proper 
order  ;  working  out  the  laws  which  govern  matter  and  proving  that 
these  laws  are  correct  by  our  inability  to  find  any  exceptions  to 
them.  Some  of  these  laws  are  so  well  established  that  it  is  need- 
less for  us  to  experiment  farther,  and  we  can  follow  them  with  con- 
fidence. As  the  knowledge  of  the  world  becomes  formulated 
through  individual  experiments  or  through  the  work  of  this  and 
kindred  societies,  we  will  have  before  us  the  accumulated  experience 
and  knowledge  of  those  who  have  gone  oefore  us.  It  is  true  that 
we  have  much  to  learn,  but  with  the  light  already  at  our  command 
we  have  no  excuse  to  repeat  the  errors  of  others  or  to  err  grossly 
on  our  own  account. 

The  engineer  must  of  necessity  be  a  hard  student ;  his  school- 
days never  end.  I  hope  the  engineer  of  the  future  will  begin  his 
studies  earlier  in  life  than  he  now  does.  At  the  present  time  that 
period  of  a  boy's  life  called  his  school-days  may  end,  and,  assum- 
ing he  is  to  be  an  engineer,  he  may  enter  the  shop  ignorant  of  all 
the  objects  about  him,  with  hands  untrained  to  work,  the  butt  of 
those  who  have  come  before  him.  I  hold  that  some  portion  of 
his  engineering  training  might  well  begin  with  his  spelling-book. 
A  child  who  can  hold  a  pen  to  write  is  old  enough  to  learn  to 
draw.  Even  before  that  time  he  might  begin  to  train  his  hands 
in  useful  manual  labor.  It  is  admitted,  that  man  having  hands  is 
by  reason  of  those  hands  better  than  the  beast  of   the  fields,  and 
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because  he  has  hands  he  should  be  early  trained  to  use  them. 
What  will  fit  him  to  enter  the  workshop  in  better  condition  than 
now,  will  fit  bini  better  also  for  any  other  walk  in  life. 

Must  a  mechanical  engineer  of  necessity  be  a  master  workman  ? 
I  know  of  some  very  worthy  engineers  who  are  making  their  mark 
in  the  world,  who  are  themselves  very  clumsy  in  the  use  of  their 
hands,  and  I  doubt  much  if  they  have  ever  worked  at  the  bench. 
I  know  they  would  have  been  the  better  for  more  hand  training. 
Personally,  I  do  not  know  how  to  separate  the  engineer  from  the 
skillful  workman.  In  my  own  case  1  had  a  wise  mother,  who 
placed  the  tool-box  ahead  of  the  grammar,  and  though  bed- ridden 
herself,  she  sent  out  and  bought  tools  for  me  when  I  was  a  very 
small  boy,  and  taught  me  how  to  use  them  with  the  skill  which  she 
had  learned  from  her  talented  father.  She  was  a  striking  example 
of  what  a  woman  can  do  to  educate  her  boys  in  a  direction  not 
commonly  followed  by  the  modern  mother.  The  man  who  is 
ready  in  the  use  of  tools,  can  not  only  direct  workmen  more  intel- 
ligently and  systematically,  he  can  also  appreciate  the  value  of 
the  work  done  for  him  and  be  nearer  to  the  workmen  and  be  bet- 
ter fitted  to  deal  justly  with  them.  We  may  say  that  a  knowledge 
of  thermodynamics  will  be  of  no  use  to  the  man  who  is,  day  in  and 
day  out,  engaged  in  the  repetition  of  a  single  operation,  such  as 
boring  cylinders  or  turning  axles.  Indeed,  I  am  quite  sure  that 
some  of  the  very  best  workmen  in  these  specialties  are  men  with 
no  education  at  all,  many  not  being  able  to  read  or  to  write.  But 
from  the  lowest  workmen  to  the  highest  there  must  be  a  gradu- 
allv  increasing  amount  of  knowledge.  Let  me  illustrate  this  with 
an  example.  It  is  known  the  world  over  that  we  can  utilize  labor- 
saving  machines  to  better  advantage  in  this  country  and  with  less 
trouble  from  the  uneducated  workmen  than  is  possible  in  any 
other  country — that  is  in  the  other  old  countries.  American  labor- 
saving  machines  are  noted  the  world  over,  and  very  many  of  them 
are  the  outcome  of  the  brains  of  workingmen,  who  have  devised 
them  and  made  them.  Not  many  years  ago  I  had  a  call  from  an 
English  engineer  who  desired  to  visit  some  of  our  large  establish- 
ments. Having  helped  him  to  see  what  he  wanted,  he  afterwards 
called  on  me  before  going  home,  and  then  explained  what  had 
brought  him  to  this  country.  It  seems  that  he  was  at  home  en- 
gaged in  making  large  cutlery  and  had  sent  out  to  America  for 
certain  labor-saving  machines  said  to  be  used  in  this  country  to 
advantage.     The  machines  in  the  hands  of  his  workmen  in  Eng- 
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laud  had  been  of  no  use,  and  in  fact  had  been  discarded,  while 
his  partners  had  taken  objection  to  his  having  urged  the  purchase 
from  America.  His  visit  was  to  see  these  machines  in  use  and 
note  their  efficiency  here.  He  said  he  was  astonished  to  find 
that  the}7  were  doing  better  work  and  very  much  more  expeditiously 
than  anything  he  had  been  able  to  get  out  of  them.  He  told  me 
he  had  satisfied  himself  that  the  cause  of  their  failure  to  use  them 
to  advantage  came  from  the  workmen  employed  on  the  machines. 
These  men  had  not  objected  to  working  the  machines,  but  the  best 
men  they  could  employ  were  inefficient  as  compared  to  the  Ameri- 
can workmen.  He  then  continued  :  "  I  am  satisfied  that  your 
workmen  are  at  least  two  generations  ahead  of  ours,  and  that  only 
from  the  fact  that  they  are  better  educated  and  na  ore  self-respect- 
ing." The  education  which  makes  a  man  more  of  a  man  and  less 
of  an  animal,  will  tell  in  the  work  he  will  do,  even  if  he  cannot 
apply  high  mathematics  to  turning  axles  or  running  a  lathe  or 
planer.  Walk  as  I  have  through  the  streets  of  Glasgow,  for  in- 
stance, and  note  the  workmen  going  home  from  the  shops  in  the 
evening.  The  men  are  grimed  with  dirt  and  look  as  if  they  had 
not  washed  for  a  week.  A  friend  said  to  me  as  he  drove  through 
the  streets  of  Glasgow,  one  afternoon  at  six  o'clock,  as  the  men 
were  quitting  work,  "We  cannot  get  our  men  to  wash  up  as  they 
do  with  you  ;  they  seem  to  care  nothing  about  their  looks,  and  we 
cannot  make  them  change  their  habits.  They  must  quit  work 
for  breakfast  and  have  their  nooning,  too,  when  we,  in  our 
dark  winter  days,  are  losing  by  these  customs  the  best  part  of 
the  short  daylight."  He  told  me  that  very  many  of  them  could 
neither  read  nor  write.  To  me  it  was  a  sad  sight.  I  thought  of 
the  marked  difference  between  these  men  and  the  same  class  of 
workmen  in  America.  I  overheard  a  horse  dealer  on  an  ocean 
steamer  talking  about  American  workmen.  He  said  he  was  brought 
up  in  England  on  a  farm,  and  he  was  familiar  with  the  English 
workingmen,  but  that  any  one  of  the  western  farm  hands  who  had 
been  to  school  could  out-work  any  two  of  the  same  class  in  Eng- 
land. They  were  not  only  better  workmen  and  did  more  in  the 
same  time,  but  they  were  more  ready  in  resources,  more  "  handy  " 
with  their  hands. 

To  those  who  say  that  education  is  of  no  use  to  the  laboring 
man,  who  can  make  no  application  of  his  knowledge  in  his  partic- 
ular trade,  I  say  that  he  is  the  better  for  his  schooling  if  he  is 
made  a  cleaner  man,  a  more  self-respecting  man.     Education 
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which  spoils  a  man  for  his  work  by  placing  him  above  manual  la- 
bor through  false  pride  will  continue  to  do  harm.  Although  a  few 
are  injured  in  this  way,  far  more  are  made  better. 

To  return  to  the  advantages  to  come  from  manufacturing  estab- 
lishments confining  their  enterprise  to  any  one  or  more  lines  of 
trade.  The  successful  manufacturing  establishment,  in  any  par- 
ticular direction  in  mechanical  engineering,  must, in  the  long  run, 
represent  a  vast  amount  of  practical  experience,  and  its  latest  out- 
put is  likely  to  be  the  highest  type  of  its  kind.  It  represents  the 
accumulated  thought  of  many  years,  unfettered  by  the  whims  of 
would-be  scientific  engineers  MTho  have  not  yet  learned  their  trade. 
Some  one  has  said  that  this  is  the  age  of  blue  prints.  Copies  of 
drawings  are  easily  made,  and  the  young  engineer,  say  of  a  roll- 
ing mill,  thinking  he  knows  more  of  rolling-mill  practice  than  the 
manufacturer,  who  has  had  the  building  of  hundreds  of  mills, 
schemes  out  a  new  plant,  based  on  what  he  has  seen,  but  differing 
in  minor  points,  differing,  however,  in  what  will  make  the  erection 
more  costly  and  which  will  necessitate  the  making  of  new  tools  to 
build  it.  He  sends  these  blue  prints  over  the  whole  country,  to 
engineering  establishments,  good,  bad,  and  indifferent.  Some, 
who  know  what  they  are  about,  bid  for  the  work  on  the  basis  of 
the  increased  cost  of  construction,  and  do  not  get  the  job.  One 
knowing  less,  thinks  the  changes  in  design  of  less  importance, 
ignores  them  in  his  estimate  of  cost,  gets  the  job  and  loses 
money  on  it.  This  goes  on  to  the  detriment  of  trade,  and  will 
continue  to  go  on,  until  people  are  fully  alive  to  the  value  of 
special  manufacturers'  ability.  In  times  of  depression  machin- 
ists are  more  apt  to  bid  on  these  crude  designs  than  they  are  in 
times  of  prosperity  when  work  is  plenty  for  all. 

American  bridge- building  is  attracting  the  attention  of  the  world, 
and  bids  are  asked  from  us  for  even  the  British  colonies.  The 
President  of  the  British  Association,  in  the  address  to  which  I 
alluded,  took  bridges  as  one  of  his  examples  of  American  system- 
atic manufacturing.  I  will  do  so  also,  but  perhaps  to  use  the  ex- 
ample in  a  different  manner.  Every  well  organized  machine  shop 
has  a  system  of  sizes,  has  methods  of  work.  In  the  designing 
rooms  of  these  establishments  drawings  are  made  to  conform  to 
the  means  of  execution  in  the  shop.  The  more  perfect  the  sys- 
tem of  shop  sizes  in  an  establishment,  fewer  minor  tools  will 
suffice  to  carry  on  the  work,  and  these  tools  may  be  more  expen- 
sive and  more  perfect.     The  most  trifling  deviation  from  the  sys- 
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tern  involves  cost  and  detracts  from  perfection — the  perfection  of 
long  practice  with  certain  methods  and  sizes,  with  the  minor  tools 
and  the  gauges  which  aid  in  the  inspection  of  the  work.  "When 
a  type  of  bridge  has  been  selected  by  a  manufacturer  and  he  has 
perfected  his  plant  for  its  production,  his  output  is  cheapened. 
His  bridges  will  cost  less  than  those  requiring  new  tools,  new 
gauges,  and  new  modes  of  construction.  They  will  be  better,  by 
reason  of  their  being  the  aggregate  of  long  practice,  and  the  sur- 
vival of  the  fittest  in  the  art  of  construction.  It  is  nex*"-  to  impos- 
sible for  any  bridge  engineer,  separated  from  the  shops,  to  acquaint 
himself  with  the  methods  of  all  the  bridge  makers.  His  drawings 
to  be  worked  to  either  differ  from  the  practice  of  all,  or,  if  con- 
formable to  one  shop,  place  other  builders  at  a  disadvantage.  As 
the  cheapness  and  efficiency  of  the  bridges  built  by  any  one  con- 
cern comes  to  be  appreciated,  bridge  buyers  will  learn  to  instruct 
their  engineers  to  confine  their  specification  to  the  requirement  of 
each  case,  without  cramping  the  manufacturer  by  special  features. 
They  should  make  their  specification  cover  the  strength  which  is 
needful,  and  throw  on  the  manufacturer  responsibility  for  the  per- 
fection of  the  detail  of  the  plan. 

I  have  by  me,  as  I  write,  the  specification  for  bridges  and  other 
matters  pertaining  to  a  projected  railroad  enterprise,  sent  to  me 
for  examination,  not  for  my  use  as  a  bidder.  My  comment  on 
this  specification  was  that  it  was  too  full  in  a  direction  which  would 
involve  the  engineer  who  wrote  it  in  the  hazard  of  experiment, 
.and  would  exclude  the  use  of  good  models  of  things  which  were 
to  be  had  in  the  open  market.  I  see  an  inclination  to  include  in 
specifications  chemical  qualities  in  the  materials  to  be  furnished, 
while  the  user  of  the  material  is  only  interested  in  its  physical  per- 
fections. This  is,  I  think,  a  very  grc\ve  mistake.  We  are  entering 
on  the  age  of  steel.  We  are  going  out  of  the  iron  age.  The  prog- 
ress of  the  art  of  steel  making  is  wonderful.  We  should  do  noth- 
ing to  check  that  progress.  I  say  most  emphatically  that  we,  as 
engineers,  have  to  do  only  with  the  physical  quality  of  the  steel 
used,  not  with  the  chemical  qualities.  We  want  material  which 
will  stand  certain  strains,  and  our  specifications  should  clearly  set 
forth  what  we  do  require.  After  that  we  should  devise  physical 
tests  which  will  enable  us  to  assure  ourselves  that  the  material  fur- 
nished conforms  to  our  specification  as  to  strength,  durability,  etc. 
The  Pennsylvania  Railroad  will  not  accept  steel  for  boiler  plate, 
which  has  a  greater  tensile  strength  than  65,000  pounds  to  the 
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square  inch  coupled  with  25  per  cent,  elongation.  This  is  because 
they  have  found  that  all  steel  of  higher  tensile  strength,  even  if 
coupled  with  great  ductility,  is  capable  of  hardening  if  heated  and 
plunged  in  water.  I  think,  in  this  case,  I  would  be  inclined  to  in- 
sist that,  if  the  steel  did  "proof"  higher  and  had  proper  ductility, 
it  should  then  be  made  to  stand  the  test  of  hardening,  and  be  liable 
to  rejection  on  that  account.  I  would  do  this  in  hopes  of  obtaining 
a  better  low  steel.  We  do  not  know  what  can  be  done  in  the  way 
of  good  steel,  and  we  should  put  no  blocks  in  the  way  of  progress. 
I  am  writing  after  the  death  of  a  great  mechanical  engineer,  Sir 
Joseph  Whitworth,of  Manchester,  England,  who  has  been  taken 
away  at  a  ripe  old  age,  full  of  honors.  He  was  the  great  champion 
of  shop  perfection.  He  earnestly  urged  the  simplification  of  grades 
of  sizes,  both  in  machines  and  in  the  tools  of  construction.  When 
all  England  was  in  a  snarl  about  screw  threads,  and  each  machinist 
had  his  own  collection  of  taps  and  dies,  each  differing  from  that  of 
the  other,  he  introduced  his  system,  which  tried  to  come  the  near- 
est to  the  general  average  of  the  threads  in  use,  and  represented  a 
graduated  scale,  far  better  than  the  confusion  of  the  times,  lacking 
mainly  in  that  he  did  try  to  accord  with  practice,  and  so  involved 
the  need  of  special  tools  for  the  production  of  the  threads.  He 
might  have  cut  loose  from  all  precedent  and  given  the  world  a  sys- 
tem which  would  have  enabled  ordinary  workmen,  without  special 
tools,  to  produce  standard  taps  to  a  given  formula.  The  introduc- 
tion of  such  a  system  in  this  country  was,  perhaps,  rendered  more 
easy  by  what  Mr.  Whitworth  had  done.  His  production  of  surface 
plates,  by  scraping  one  to  the  other  in  sets  of  three,  was  an  exam- 
ple of  how  he  thought  out  an  idea  and  then  made  that  idea  an  ac- 
complished fact  by  his  faculty  for  infinite  taking  of  pains.  "When 
he  advocated  the  introduction  of  what  we  call  "  trade  sizes  "  in  all 
things  manufactured,  and  instanced  the  gain  to  be  had  from  the 
adoption  by  architects  of  certain  graded  sizes  of  windows  and  doors 
which  would  permit  of  such  things  being  made  in  quantities  at  the 
factories,  he  said,  speaking  of  our  country,  "  They  manage  such 
things  better  in  America  than  we  do."  He  had  visited  this  coun- 
try at  the  time  of  the  first  great  International  Exhibition  in  New 
York  and  had  been  impressed  with  the  work  already  done  here  in 
the  very  direction  which  he  was  advocating,  and  more  so  in  the  fact 
that  the  introduction  of  labor-saving  machines  met  with  no  oppo- 
sition from  the  workmen,  who  seemed  to  feel  an  interest  in  what 
would  lessen  labor  and  perfect  the  output. 


686  president's  address,  1886. 

Sir  Joseph  Whitworth's  system  of  screw  threads  is  in  common  use 
in  all  Germany  and  in  other  metric-using  countries.  It  is  not  very 
long  since  the  German  engineers,  in  formal  conference  on  the  subject, 
adopted  the  Whitworth  system,  then  in  common  use,  as  the  sys- 
tem advocated  by  the  Society.  This  they  did,  in  spite  of  its  neces- 
sitating the  adoption  of  the  English  inch  in  the  case  of  all  screw 
threads,  though  they  call  the  sizes  by  metrical  names,  saying  25 
millimeters  equal  one  inch,  and  so  on,  although  they  know  that  the 
size  of  a  standard  inch  tap  of  the  Whitworth  system,  which  they 
have  adopted  as  their  own,  is  more  than  25  millimeters  in  diame- 
ter. The  German  or  French  maker  of  taps  and  dies,  though  com- 
pelled by  law  to  use  the  French  meter  as  his  standard  of  measure- 
ment, is  obliged  to  make  use  of  the  English  standard  plugs  and 
rings  for  his  sizes,  and  must  use  English  standard  hobs  to  cut  the 
chasers  which  are  to  shape  the  threads  of  the  taps,  to  give  the 
right  form  to  the  thread  and  to  insure  the  angle  of  the  sides  being 
55  degrees,  and  to  have  their  bolts  and  nuts  interchangeable  with 
those  made  in  England. 

I  had  the  pleasure  of  meeting  Sir  Joseph  Whitworth  in  188i, 
after  I  had  visited  his  very  wonderful  works  in  Manchester.  He 
had  much  to  talk  about  in  the  direction  I  have  indicated,  and  he 
dwelt  for  some  time  on  the  existing  confusion  of  sizes.  He  said 
the  best  plan  to  make  the  metric  system  of  measurements  conform 
to  the  English  and  American  would  be  for  the  French  (since  it  is 
now  known  that  the  basis  of  their  system  bears  no  exact  relation 
to  the  circumference  of  the  earth)  to  increase  their  metre  a  very- 
little  in  length.  "  Make,"  said  he,  "the  French  meter  forty  inches 
long,  say,  roughly,  five-eighths  of  an  inch  longer  than  it  now  is, 
and  then  the  two  will  be  commensurate."  He  urged  me  to  work 
in  this  direction,  as  I  was  younger  than  he.  He  said  feelingly,  "  I 
am  too  old  to  make  the  fight."  He  was  right ;  he  was  then  stand- 
ing with  one  foot  in  his  grave,  so  feeble  did  he  seem  to  me  to  be. 

Pie  was  making  an  effort  to  construct,  at  his  house  in  England,  an 
apartment  to  be  a  winter  garden,  in  which  he  could  simulate  the 
climate  of  the  south  of  France  and  in  which  he  hoped  to  pass  his 
winters  in  comfort.  I  fear  his  effort  was  of  little  use,  for  he  seems 
later  to  have  sought  the  genial  sunshine  of  Monte  Carlo  ;  there  the 
thread  of  his  long  and  useful  life  was  broken.  A  great  master  me- 
chanic was  lost  to  the  world,  but  his  work  will  live  after  him. 
Most  earnestly  do  I  hope,  yet  fear  I  am  hoping  against  hope,  that 
his  ardent  wish,  expressed  to  me  in  Manchester,  may  be  carried  out. 
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Germany  and  France  will  not  give  tip  their  so-called  scientific  met- 
ric system  ;  America  and  England  cannot  afford  to  give  up  their 
more  useful  and  practical  system  of  weights  and  measures,  for  the 
reason  that  it  is  secured  and  made  permanent  by  the  perfection  of 
exactness  of  implements  in  common  use,  in  immensity  of  cost  and 
materia],  in  tools  identified  with  the  English  inch,  and  in  libraries 
of  books  which  express  our  knowledge,  formulated  in  the  system 
we  use.  If  France  and  Germany  will  but  add  to  their  meter  the 
small  fraction  asked  for  by  Sir  Joseph  Whitworth,  then  the  great 
natious  of  the  earth  will  harmonize  and  make  commensurate  their 
metrical  systems,  and  25  millimeters  will  equal  one  inch,  and  forty 
inches  will  be  one  meter. 

This  being  done,  if  in  time  it  comes  to  be  proved  that  the  French 
system  has  any  advantages  in  practice  over  the  system  of  measure- 
ment we  have  in  use  over  the  English-speaking  part  of  the  globe 
and  over  the  great  area  of  Russia,  the  transition  from  one  to  the 
other  will  be  easy.  In  this  view  of  the  case  I  cannot  but  think,  that 
those  who  are  now  trying  to  induce  the  Government  of  the  United 
States  to  force  the  use  of  the  French  system  by  law  would  do  well 
to  aid  in  making  the  two  systems  commensurate  by  urging  Sir 
Joseph  Whitworth's  plan.  It  might  in  the  end  help  them  in  their 
work.  Let  me  also  express  the  hope  that  the  members  of  this  Soci- 
ety will  take  in  consideration  the  proposition  of  Sir  Joseph  Whit- 
worth  and  exert  themselves  to  bring  about  this  change.  Messrs. 
Pratt  tfc  Whitney  have  shown  with  their  admirable  comparator  that 
the  instruments  of  measurement  in  common  use  in  France  and 
Germany  are  far  from  being  accurate — a  new  set  of  scales  put  into 
the  German  market  and  made  25  millimeters  to  the  English  inch 
would  most  likely  agree  with  many  scales  now  in  use  in  that  coun- 
try. In  fact  it  might  be  well  for  our  Society  to  memorialize  the 
German  Societies  of  Engineers  on  this  subject. 

The  American  Society  of  Mechanical  Engineers  has  already  given 
expression  to  the  viewB  of  some  of  its  members  on  the  subject  of 
the  education  of  engineers.  As  your  President  I  have  been  fa- 
vored by  the  Institution  of  Engineers  and  Ship  Builders  of  Scot- 
land (Incorporated),  with  a  paper  by  M.  Henry  Deyer,  C.E.,  M.  A., 
on  the  same  subject,  and  I  have  been  asked  by  the  Council  of  that 
Society  to  join  in  the  discussion  of  the  paper  more  particularly  as  to 
my  opinion  on  the  economical  questions  involved  in  such  education. 
We  may  well  ask  what  is  the  money  value  of  proper  education. 
Illness  prevented  my  answering  this  request  in  time,  but  I  cannot 
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refrain  from  introducing  the  subject  in  this  address.  At  the  an- 
nual dinner  of  the  Institution  of  Civil  Engineers  in  London,  in 
1884,  I  had  the  pleasure  of  listening  to  the  address  of  Sir  Lyon 
Playfair  in  his  reply  to  one  of  the  toasts.  In  this  address  he  com- 
mented on  the  want  of  technical  schools  in  England,  saying  that  it 
would  be  to  the  advantage  of  the  people  of  England  to  consider 
well  what  was  being  done  in  America,  in  regard  to  the  founding  of 
technical  schools  rather  than  model  on  the  schools  of  Germany  or 
France.  I  think  we  may  well  be  pleased  with  what  has  been  al- 
ready done  in  this  country  in  the  high  schools  and  colleges,  but  I 
am  very  far  from  being  satisfied  with  what  is  being  done  in  the 
primary  schools  of  the  land. 

Our  attention  should  be  turned  to  the  primary  schools,  so  that 
those  who  enter  the  advanced  schools  may  do  so  with  a  ground  bet- 
ter fitted  to  receive  what  is  to  be  planted  and  cultivated  in  the  di- 
rection of  the  natural  sciences. 

I  think  the  engineers  to  whom  I  am  addressing  myself  will  bear 
me  out  in  the  assertion  that  few  boys  who  enter  the  shops  from  the 
public  schools,  or  from  private  schools  either,  and  who  have  not 
been  through  the  technical  schools,  seem  to  have  any  notion  of  even 
the  names  of  the  tools  and  appliances  which  are  to  be  used  by  them 
in  their  daily  work.  They  cannot  read  the  simplest  mechanical 
drawing,  nor  does  their  knowledge  of  arithmetic  seem  to  be  in  the 
direction  of  its  application  to  questions  of  relative  speed  or  ques- 
tions of  calculation  of  strength  and  so  forth. 

In  one  of  the  weekly  mechanical  journals  the  other  day  I  noted 
among  the  queries  a  very  well  worded  request  for  information  as 
to  the  size  of  a  pulley  required  on  the  spindle  of  a  dynamo  to  insure 
a  speed  of  1,500  revolutions  per  minute  which  was  to  be  driven 
from  an  existing  countershaft  having  a  speed  of  250  revolutions  per 
minute,  upon  which  was  a  driving  pulley  which  the  writer  desired 
to  use  of  24  inches  in  diameter.  Here  is  a  very  simple  example  in 
the  rule  of  three ;  I  feel  almost  sure  that  if  the  writer  was  asked  a 
question  as  to  relative  cost  of  articles  involving  the  same  applica- 
tion of  the  use  of  the  rule  of  three,  he  would  answer  it  without 
hesitation.  Thus  if  he  had  bought  250  water-melons  at  24  cents 
each  and  he  proposed  to  trade  them  off  even  for  1.500  cantelopes, 
how  many  cents  would  each  cantelope  be  worth  ?  The  latter  ques- 
tion would  recall  to  his  mind  the  familiar  examples  of  his  school 
days,  all  in  the  direction  of  barter  and  trade.  This,  however,  is 
not  the  worst  feature  in   this  matter.     His  instruction   has  been 
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through  the  attempted  memorizing  of  man  v  rules.  He  lias  not  been 
taught  by  object  lessons  and  practical  examples  the  way  to  think 
out  these  questions  on  a  basis  of  good,  sound  common  sense.  In 
looking  back  at  my  own  school  days  1  can  remember  my  slowness 
in  learning  the  rules  of  arithmetic  and  the  quickness  with  which 
I  could  master  the  solution  of  all  problems  in  geometry.  The  fixed 
rules  gave  me  no  practical  information  ;  the  questions  involved  in 
geometry  were  things  which  I  could  see  and  appreciate;  just  as.a  pic- 
ture will  tell  with  a  few  well  placed  strokes  what  pages  of  writing 
would  not  make  clear,  without  the  reader  making  great  mental 
effort  to  master  the  subject.  When  I  go  into  a  school  room  and  see 
the  walls  covered  with  maps  and  diagrams  illustrating  geography, 
and  listen  to  the  recitation,  I  find  it  just  as  it  used  to  be  in  my  own 
childhood  ;  there  is  the  endless  memorizing  of  names  of  rivers  and 
the  boundaries  of  countries,  all  of  which  will  soon  be  forgotten,  and 
I  cannot  help  thinking  how  much  could  be  given  and  retained,  if 
the  teacher  was  to  carry  the  child  in  imagination  over  the  great 
railroads  and  through  the  water  channels  by  sea  and  by  land  and  the 
young  student  be  directed  to  work  out  the  route  by  means  of  the 
railroad  guide  books  in  every  day  use.  How  much  quicker  would 
he  learn  what  would  be  of  use  and  how  much  more  thorough  would 
be  the  instruction.  Then  let  some  of  the  examples  in  arithmetic  be 
in  the  same  direction.  The  railroad  and  the  steamboat  route  will 
suggest  endless  examples  :  how  far  apart  are  telegraph  poles  placed  ? 
If  in  five  or  ten  seconds  we  pass  a  certain  number  of  telegraph 
poles,  how  fast  are  we  traveling?  The  bicycle  or  the  tricycle  might 
be  used  to  show  the  relation  of  the  diameter  of  the  wheel  to  its  cir- 
cumference. A  child  will  take  with  avidity  to  questions  as  to  the 
relative  advantage  of  gearing  up  or  down  from  the  treadle  to 
the  driving  wheel  of  the  tricycle,  and  can  readily  master  the  advan- 
tage or  the  disadvantage  of  one  or  another  size  of  wheel  on  his  bi- 
cycle. Questions  of  mechanics,  if  presented  in  connection  with  ob- 
jects of  everv-day  use  and  of  personal  interest,  will  be  easily  mas- 
tered and  held  fast  in  memory.  Conservation  of  energy  sounds 
meaningless  to  many,  but  the  child  who  is  old  enough  to  learn  to 
read,  is  ready  to  be  taught  that  power  cannot  be  created,  bnt  that 
what  force  there  is  lying  dormant  in  the  world  can  be  used  to  more 
or  less  advantage.  He  can  be  taught  the  correlation  of  all  forces  and 
the  advantage  to  be  derived  from  economy  in  the  expenditure  of  his 
own  and  of  all  other  forces,  as  from  economy  in  matters  of  dollars 
'and  cents.     A  wise  and  practical  education  which  will  teach  how  to 
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observe  and  think,  will  guard  the  mind  of  the  student  later  in  life 
from  believing  in  impossible  motors  which  are  to  consume  nothing 
but  which  when  perfected  the  week  after  next,  are  to  supersede 
steam  and  utilize  the  "  vibratory  forces"  of  nature.  This  improved 
system  of  education  is,  however,  only  to  be  obtained  by  the  radical 
change  involved  in  the  substitution  of  the  education  of  the  hands 
and  the  eye  for  some  of  the  useless  cramming  from  books. 

We  are  almost  daily  astonished  by  some  great  discovery  in  the 
arts  and  sciences.  These  discoveries  render  the  work  of  the  tricks- 
ters who  are  exploiting  their  alleged  still  more  wonderful  discover- 
ies easier.  People  well  educated,  so  far  as  books  can  teach  them, 
but  who  are  ignorant  of  the  first  principles  of  mechanics,  fall  an  easy 
prey  to  the  adventurers.  They  fail  to  see  that  all  the  startling  dis- 
coveries which  really  are  made  in  each  and  every  case  fall  under 
some  well  established  law  of  nature,  and  are  wonderful  in  their 
very  simplicity.  So  one  of  all  the  discoveries  which  have  been 
made  or  that  ever  will  be  made  points  to  the  possibility  of  our  ob- 
taining a  result  from  nothing. 

In  our  schools  we  are  cramming  brains  with  what  taxes  the  mem- 
ory to  the  utmost,  but  which  sends  into  our  workshops  boys  who 
are  themselves  startled  to  find  how  little  they  know  as  compared 
to  those  who,  almost  ignorant  of  book  learning,  are  wise  in  the 
knowledge  of  the  things  about  them  and  skillful  in  the  use  of  their 
hands. 

Education  of  a  high  order  seems  in  such  cases  to  fail  in  its  result, 
and  so  it  comes  that  there  are  many  thinking  men  who  are  inclined 
to  consider  a  college  education  as  a  detriment  rather  than  an  advan- 
tage in  the  case  of  a  young  man  wanting  to  be  a  mechanic.  A  very 
noted  mechanical  engineer,  himself  a  millionaire  from  the  gains  in 
his  profession,  in  a  speech  at  a  University  celebration,  he  himself 
being  a  Trustee  of  that  University,  made  in  substance  the  follow- 
ing assertion  :  "The  University  may  give  to  the  student  who  is  to 
follow  the  learned  professions  all  that  he  requires,  but  the  workman 
who  is  to  earn  his  bread  by  the  skill  of  his  hands  is  not  bettered  by 
what  the  University  and  its  school  of  science  can  give  him.  For 
our  skilled  workmen  we  must  depend  wholly  on  the  teaching  in 
he  workshops,  not  in  the  schools,  and  that  a  very  little  schooling 
would  suffice  for  them."  I  have  noted  many  examples  of  young 
men  injured  by  long  schooling;  far  better  for  them  had  they  been 
driven  t<>  hard  work  with  their  hands,  rather  than  to  have  been 
forced  in  the  Blimber  hot-houses  of  learning.     Strong  minds  in 
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weak  bodies  are  injured  when  the  mental  food  they  long  for  is 
given  to  them  without  any  training  of  the  hand  or  other  parts  of 
the  body.  Teach  the  head  less  and  give  at  the  same  time  more  for 
the  hands  to  do,  and  a  system  will  be  found  which  will  be  much 
more  generally  useful  than  any  other  plan  yet  devised  for  teaching. 

It  seems  to  me  as  clear  as  day  that  even  the  modern  system  of 
athletic  training  at  college,  which,  under  the  guise  of  sport,  trains 
the  eye  and  the  hand  and  strengthens  the  muscles,  brings  out  the 
manhood  in  the  scholar  and  makes  him  better  fitted  to  fio-ht  the 
battles  of  life.  This  training  is  well  enough  in  its  way,  but  is  as 
nothing  compared  to  the  perfect  training  of  the  hand  under  com- 
petent masters  in  the  direction  of  working  with  tools.  Athletic 
sports  should  come  in  the  time  devoted  to  play,  not  in  school  hours. 
The  manual  training  must  come  in  the  regular  school  hours  ;  must 
be  in  time  taken  from  other  studies.  Now  that  this  subject  of  the 
education  of  engineers  is  attracting  the  attention  of  engineers  in 
Scotland,  as  I  have  already  mentioned,  Mr.  W.  Renney  Watson,  of 
Glasgow,  tells  the  Institution  of  Engineers  and  Ship  Builders  that 
he,  impressed  with  what  he  had  seen  in  the  American  schools,  had 
influenced  his  partner  to  send  a  son  to  the  Boston  school,  and  he 
took  pleasure  in  exhibiting  the  work  of  this  pupil,  who  had  been 
taught  by  masters  the  art  of  using  his  hands  just  as  a  music  teacher 
teaches  the  use  of  any  particular  musical  instrument.  He  insisted 
on  the  fact  that  this  hand  training  had  helped,  not  hindered,  the 
head  work,  and  that  the  boy  had  learned  more  in  school  in  a  given 
time  than  he  would  have  learned  in  the  shop  under  the  haphazard 
way  of  picking  up  what  he  can  among  the  other  workingmen. 

It  is  this  hand  training  which  we,  as  engineers,  must  insist  upon. 
"We  need  educated  workmen  and  must  encourage  the  home  supply 
by  insisting  on  an  education  which  will  bring  to  our  shops  young 
men  whose  fingers  are  not  all  thumbs,  and  who  can  be  utilized  to 
advantage  quickly  and  with  less  loss  in  spoiled  and  wasted  mate- 
rial. Drawing  goes  a  great  way  toward  training  the  hands,  and  in 
illustration  permit  me  to  recall  an  event  in  my  own  early  life  in 
school  which  will  show  how  it  can  aid  in  other  studies. 

My  father  began  to  teach  me  the  use  of  a  pencil  when  I  was  about 
two  years  old,  and  by  the  time  he  was  taken  from  me,  when  I  was 
seven,  I  was  able  to  draw  rudely  such  objects  as  I  was  familiar  with, 
from  having  been  taught  how  to  observe  form  as  it  is  presented  to 
the  eye  and  not  to  the  imagination.  A  favorite  lesson  of  my  father's 
was  to  make  me  draw  for  him  a  cubical  box  on  his  desk,  he  placing 
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this  box  in  different  angles  of  view.  So  I  did  know  how  to  draw  a 
picture  of  a  tea  box  being  thrown  out  of  a  ship  by  a  wild  Indian, 
in  fancy  dress  of  feathers,  and  could  figure  tea  boxes  floating  on 
the  waves,  which  was  one  of  many  illustrated  stories  he  told  me. 
Start  any  boy  on  the  road  to  draw,  and,  my  word  for  it,  he  will  sketch 
on  his  slate  at  any  time  in  preference  to  doing  sums,  if  he  has  the 
chance.  That  was  so  in  my  time  when  drawing  during  school  hours 
was  a  crime  punishable  by  sundry  stripes  on  the  offending  member, 
or,  if  persisted  in,  on  other  parts  of  the  human  form,  which  had 
taken  no  part  in  the  offense.  When  I  had  advanced,  1  presume,  so 
far  in  my  arithmetic  as  doing  sums  in  long  division,  I  remember 
over-hearing  a  class  reciting  before  the  master,"  near  whom  I  had  my 
seat.  The  recitation  was,  as  I  afterward  learned,  in  mensuration, 
from  the  writings  of  one  Bonnycastle.  The  example  given  was  to 
the  effect  that  a  certain  farmer  had  loaned  a  neighbor  a  cubical  bale 
of  hay,  measuring  ten  feet  on  each  of  its  sides,  and  the  borrower 
did  afterward  return  two  bundles  of  hay,  at  different,  times,  each 
measuring  five  feet  on  the  side,  and  the  question  was  asked :  Did 
the  farmer  receive  back  his  due  ?  and  if  not,  how  much  short  of  it  ? 
I,  hearing  this,  made  a  sketch  of  a  cubical  block  on  one  corner  of 
my  slate,  and  on  this  perspective  picture  drew  two  smaller  blocks, 
each  half  the  length  per  side  of  the  big  one,  and  I  saw  that  but  one- 
fourth  had  been  returned.  Presently  I  was  startled  by  the  master 
calling  to  me, "  Sellers,  what  do  you  say  about  it  ? "  I  asked  :  "  About 
what  ?  "  "  The  hay,"  he  replied  ;  "you  have  heard  the  question."  I 
ventured  to  explain  that  the  borrower  should  have  sent  back  eight 
bundles  each  five  feet  on  the  side ;  he  has  only  sent  one-quarter  of 
what  he  owed.  "  How  do  you  know  ?  "  I  was  asked.  My  answer 
was  that  I  saw  it.  I  am  quite  sure  that  at  the  time  I  drew  that 
cubical  figure  and  saw  the  answer  to  the  question  I  knew  nothing 
about  cubing  or  squaring  or  extracting  roots.  I  never  got  over  my 
fondness  for  the  graphic  method  of  calculating,  and  hold  that  it 
should  be  well  taught  in  ever}7  school.  Supplement  figures  with 
the  graphical  method  of  computing  and  the  tasks  which  are  painful 
will  become  easy  and  interesting  to  the  pupil. 

An  attempt  is  being  made  now  to  introduce  manual  labor  into 
the  public  schools,  and  in  some  instances  where  teachers  have  been 
found  who  take  the  right  kind  of  interest  in  the  subject,  consider- 
able success  has  attended  the  effort.  The  trouble  for  a  long  time 
will  be  in  finding  teachers.  Schools  for  the  instruction  of  the  teach- 
ers in  this  direction  have  been  established  and  will  aid  in  this  mat- 
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tcr.  I  hope  engineers  will  give  attention  to  a  subject  of  so  much 
public  importance,  and  aid  by  their  advice  those  who  are  inclined 
to  prosecute  the  introduction  of  hand  training.  The  introduction 
into  schools  should  involve  little  expense.  It  is  in  ray  opinion  a 
great  mistake  to  fit  up  workshops  in  the  primary  schools  with  lathes 
and  planing  machines  or  other  costly  tools.  To  train  the  hands, 
labor  saving  machines  should  be  discarded.  The  Russian  system, 
as  it  has  been  introduced  into  the  Boston  Institute  of  Technology, 
is  the  proper  method.  Teach  a  boy  to  whittle,  plane,  or  file  ma- 
terial into  shape,  to  size  and  line,  and  that  with  hand  tools  only,  and 
the  hand  training  will  be  accomplished  with  ease  and  certainty. 
Young  men  from  such  schools  will  be  ready  to  enter  any  of  the 
workshops- and  take  up  any  trade  quickly,  because  they  will  be  less 
clumsy  and  will  be  in  some  degree  informed  as  to  the  nature  of 
material.  I  am  well  assured,  too,  that  it  will  be  found  that  the 
time  spent  in  this  direction  during  school  hours  will  increase,  not 
diminish,  the  amount  of  head  work  done,  and  with  less  brain  fatigue 
or  less  injury  to  minds  not  over  strong. 

A  system  of  education  which  will  teach  the  student  to  think  and 
to  reason  without  depending  on  fixed  rules  will  in  the  end  be  of  the 
greatest  practical  benefit.  The  next  best  thing  to  having  knowl- 
edge one's  self  is  to  know  where  to  find  what  we  want,  or  to  know 
to  whom  to  apply  for  the  knowledge  we  need  and  who  can  impart 
it  to  us.  When  we  cannot  have  access  to  minds  capable  of  telling 
us,  by  word  of  mouth,  what  we  want,  we  can  go  to  books.  Books, 
however,  are  not  all  repositories  of  truth.  We  must  be  taught  to 
exercise  our  reasoning  faculties  and  to  separate  the  true  from  the 
false.  Gradually  the  written  knowledge  of  the  world  is  being  tab- 
ulated. No  one,  who  has  access  to  books,  ever  thinks  of  going 
through  the  operation  of  squaring  or  cubing  or  extracting  roots. 
We  all  refer  to  the  printed  tables  prepared  for  that  purpose,  and 
our  Engineers  JYote-booh  is  the  safe  in  which  is  locked  up  the  val- 
uable items  of  information  which  we  have  daily  to  use  and  to  which 
we  refer,  never  thinking  of  burdening  the  mind  with  what  we  can 
obtain  so  readily  and  with  such  certainty  as  to  truth.  I  would  like 
to  see  these  books  of  reference  introduced  into  schoolsand  the  child 
taught  to  refer  to  them  and  to  depend  on  then)  rather  than  to  spend 
weary  hours  in  repeating  operations  which  will  never  be  used  in 
after  life.  It  is  charged  that  the  confusion  of  the  metrical  systems 
of  different  countries  involves  the  student  in  long  hours  of  mental 
work  in  memorizing  this  knowledge.  It  is  also  claimed  that  if  one 
45 
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universal  system — let  us  say  the  French  system  for  instance — could 
be  introduced  everywhere,  then  this  memory  work  would  be  dis- 
pensed with  and  much  time  be  saved  which  could  be  applied  to 
other  purposes. 

Now,  my  idea  is  that  it  is  of  no  use  whatever  to  teach  these  ta- 
bles of  the  weights  and  measures  of  all  countries  or  even  of  the 
country  in  which  the  student  lives,  unless  the  learning  can  be  ap- 
plied to  some  practical  purpose  at  the  moment  of  its  acquisition, 
but,  instead  of  teaching  the  tables,  place  the  tables  themselves  in 
the  student's  hands  as  we  have  them  in  our  engineering  pocket- 
books,  and  show  them  how  to  use  them,  how  to  find  the  informa- 
tion when  they  want  to  use  it.  It  has  been  said  that  the  great  ad- 
vantage of  the  French  system  of  weights  and  measures  is  that  it 
can  be  so  readily  learned.  This  I  will  admit,  but  it  will  not  stay 
learned  any  longer  than  any  other  set  of  tables  unless  used  in  every- 
day practice.  A  chemist  attached  to  the  Assay  Department  of  the 
United  States  Mint,  a  man  of  great  mental  ability,  who  had 
become  familiar  with  the  French  system  of  weights  in  his  daily 
chemical  operations,  and  who  afterward  went  into  another  line  of 
industry,  and  who  no  longer  had  occasion  to  think  of  grammes, 
told  me,  not  long  ago,  that  he  was  surprised  at  the  ease  with  which 
this  knowledge  had  passed  from  his  mind.  In  fact,  as  I  tried  to 
draw  him  out,  I  found  that  he  could  not  explain  the  metrical  sys- 
tem without  considerable  mental  effort,  and  even  then  he  made  sad 
mistakes.  We  must  index  our  knowledge  and  then  teach  our  chil- 
dren how  to  find  what  they  want,  and  not  kill  them  with  trying  to 
cram  into  their  little  heads  what  we  cannot  retain  ourselves,  and 
would  be  none  the  better  for  if  we  could. 

The  Engineers'  Club,  of  Philadelphia,  is  doing  good  work  in  pub- 
lishing the  contributions  of  its  members  to  a  gradually  growing 
book  of  reference.  I  think  every  society  should  do  the  like,  and 
even  try  to  index  the  information  of  books  on  subjects  germane  to 
its  interests,  and  publish  these  references. 

We  have  now  brought  about  the  introduction  of  drawing  lessons 
into  the  public  schools,  and  even  made  some  progress  in  the  intro- 
duction of  manual  training.  We,  as  engineers,  should  exert  our- 
selves to  push  these  two  things,  and  never  lose  a  chance  to  prove 
the  practical  utility  of  the  new  system  of  education.  We  should 
compel  the  schools  to  follow  the  lead  of  the  shops  in  teaching.  I 
will  illustrate  what  I  mean  by  an  example.  We  take  young  men 
into  our  drawing-rooms  or  into  our  shops  as  they  come  from  the 
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public  schools,  and  we  find  that  we  have  j7et  to  teach  them  much 
that  should  have  been  taught  them  at  school.  Time  and  again  mis- 
takes have  been  made  in  our  own  designing  departments,  by  views  be- 
ing wrongly  placed,  all  because  the  young  man  taught  to  draw  in  col- 
lege has  been  told  to  place  the  top  view  below  the  elevation,  and  the 
end  elevation  of  the  right-hand  end  to  the  left  of  the  front  elevation. 
All  this  because  the  examples  in  teaching  descriptive  geometry  are 
so  placed,  that  is  in  the  first  angle,  and  not  in  the  third,  as  they  are 
termed.  The  common-sense  system  of  drawing,  as  Prof.  MacCord, 
of  the  Stevens  Institute,  calls  it,  the  system  in  use  in  all  workshops, 
was  not,  until  recently,  taught  in  some  of  the  greatest  schools  in 
the  land,  and  even  the  text-books  published  for  the  use  of  the  schools 
were  all  wrong  in  this  respect. 

The  readiness  with  which  some  of  these  great  schools  changed 
their  system  of  teaching,  when  it  was  shown  to  them  that  they  were 
not  giving  the  kind  of  information  needed  in  practical  life,  shows 
what  can  be  accomplished  if  we  will  lend  our  aid  to  teaching  the  teach- 
ers ;  showing  them  what  we  want  them  to  know  and  what  we  want 
the  boys  who  come  to  us  from  them  to  know.  The  highest  schooling 
is  needed  to  make  good  engineers,  but  such  schooling  can  be  made 
easy  if  we  take  the  right  methods  and  begin  early  enough.  We 
must  teach  the  money  value  of  knowledge  and  how  to  determine  it. 
We  must  measure  all  things  by  the  test,  Will  it  pay  f  There  is  no 
use  in  spending  money  in  teaching  school,  if  we  cannot  show  that 
the  teaching  pays.  To  make  it  pay,  it  must  be  of  practical  utility. 
The  true  measure  of  the  value  of  an  education  lies  in  what  the 
scholar  can  do,  not  in  what  he  knows.  The  system  which  will  train 
the  hand  will  pay  better  than  any  other  when  taught  in  connection 
with  the  right  sort  of  mind  training,  not  mind  cramming.  Some 
of  the  most  helpless  and  useless  men  the  world  has  known  have  been 
great  students — book-worms — who  battened  on  facts  or  figures  and 
could  make  no  use  of  the  stuffing  with  which  they  were  crammed, 
to  the  advantage  either  of  themselves  or  their  neighbors.  These 
helpless,  useless,  brain-crammed  book-worms  will,  for  all  time,  be 
the  legitimate  butts  of  the  caricaturist  and  the  wit.  Very  few  of 
the  boys  who  come  into  the  workshops  as  apprentices  can  have 
been  through  the  high  schools  or  the  technical  colleges.  They 
must  be  not  more  than  sixteen  years  old  to  have  enough  years 
of  minority  left  to  make  profitable  their  services  as  apprentices. 
What  is  wanted,  therefore,  is  that  some  part  of  their  early  school 
life  shall  have  been  used  in  acquisition  of  just  such  information  as 
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will  be  of  use  in  each  and  every  one  of  the  mechanical  industries, 
as  well  as  in  mercantile  operations.  Such  men  as  Mr.  McAllister, 
Superintendent  of  the  Public  Schools  of  Philadelphia,  President 
Henry  Morton,  of  the  Stevens  Institute,  General  Walker,  of  the 
Massachusetts  Institute  of  Technology,  and  many  other  advanced 
thinkers,  are  quite  alive  to  just  what  I  am  urging,  but  they  have 
to  combat  the  prejudices  of  the  teachers  who  have  themselves 
been  wrongly  taught  and  the  parents  who,  under  like  tuition,  have 
had  no  insight  into  the  advantages  to  be  derived  from  the  educa- 
tion  of  the  hand  and  the  eye. 

It  is  the  fashion,  nowadays,  for  the  young  man  who  has  spent 
the  whole  of  his  minority  in  the  higher  schools,  to  be  modest  and 
self-depreciative,  and,  most  likely,  honestly  so.  His  examinations 
and  his  crammings  have  shown  him  how  much  he  does  not  know, 
after  all.  On  the  whole,  this  may  be  in  some  respects  better  than 
the  conceit  formerly  shown  by  the  boy  fresh  from  college,  but 
at  the  same  time  it  has  its  disadrantages,  fur  the  self-confident 
youngster,  after  a  few  hard  knocks,  in  his  effort  to  hold  his  own, 
comes  out  a  stronger  man  for  the  battle. 

I  hope  the  American  Society  of  Mechanical  Engineers  will  keep 
the  matter  of  education  in  a  foremost  place  and  throw  its  influence 
in  favor  of  a  sound  practical  education  of  the  hand  as  well  as  of  the 
head,  in  the  direction  which  I  have  so  feebly  pointed  out.  I  am 
sorry  I  had  not  the  pleasure  of  meeting  you  and  speaking  to  you, 
but  I  earnestly  hope  my  words  will  reach  many  and  be  food  fur 
thought.  If  other  people  look  toward  American  mechanics  as  be- 
ing in  the  lead,  and  say  that  American  engineering  schools  should 
be  taken  as  models,  let  us  make  the  greater  effort  to  keep  our  place 
in  the  front  rank.  The  American  Society  of  MechanicalEngineers 
can  do  no  better  work  than  in  devising  a  good  system  of  educa- 
tion and  compelling  its  introduction  into  our  public  schools.  Then 
will  those  who  come  after  us  take  command  and  lead  in  the  indus- 
tries of  the  world,  and  the  product  of  their  skill  and  knowledge  find 
ready  sale  in  all  the  markets  of  the  world. 
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No.  259—39. 

What  have  you  found  the  best  methods  for  removing  gas  and.  smoke  from 
blacksmith  shops? 

J//'.  Allan  Stirling. — I  suppose  the  trouble  with  us  is  that  we 
have  had  experience  enough  in  this  matter  and  our  experience  has 
not  been  very  pleasant.  T  have  tried  to  get  some  good  way  of 
taking  care  of  the  smoke  from  a  blacksmith's  shop.  I  fitted  up 
quite  a  large  shop  some  years  ago,  connecting  the  hoods  over  the 
fires  by  large  pipes  into  an  underground  flue,  and  I  ran  this  flue  off 
to  the  chimney — a  large  chimney  125  feet  high.  I  had  the  utmost 
confidence  that  that  Vvould  cure  the  evil,  but  it  did  not,  and  I  do 
not  know  of  any  better  way  to  treat  this  matter  than  to  follow  the 
course  suggested  by  an  alderman.  They  were  discussing  the 
question  of  a  sewer  in  some  outlying  part  of  the  city,  and  this  alder- 
man made  a  motion  that  the  dirty  water  in  that  part  of  the  city 
"  be  allowed  to  take  its  natural  course."  I  suppose  we  shall  have 
to  do  that  with  the  smoke  from  blacksmiths'  shops. 

Mr.  Thomas  It.  Almond. — It  would  seem  to  me  that  coking  the 
coal  before  it  is  put  to  use  would  be  the  best  thing  to  do.  I  re- 
member in  the  Howard  Agricultural  Works  in  England  they  coked 
all  of  their  soft  coal,  and  I  remember  no  inconvenience  from  smoke 
in  the  blacksmith  shop.  They  had  perhaps  three  hundred  black- 
smiths there,  and  in  coking  the  coal  they  did  it  under  their  boilers 
so  as  to  get  considerable  heat  out  of  the  coal  first.  That  is  as  well 
as  I  remember,  but  being  a  boy  only  eighteen  years  of  age,  I  will 
not  pretend  to  be  certain  as  to  whether  their  method  was  exactly 
what  I  say.  The  point  I  would  make  is  that  they  coked  the  coal 
first.  In  my  practice  in  a  small  way  I  do  it  to-day.  I  use  very 
little,  though. 

Mr.  Charles  W.  Barnaby. — I  think  that  the  suggestion  of  the 
last  speaker  in  regard  to  coking  the  coal  is  a  very  good  one.     Of 


698  TOPICAL  DISCUSSIONS  AND   INTERCHANGE   OF  DATA. 

course  it  depends  upon  the  kind  of  coal  used.  Through  our  section 
(Eastern  Ohio)  we  use  soft  coal. 

At  the  works  with  which  I  am  connected  the  forges  are  provided 
with  sheet-iron  funnels  with  shields  on  three  sides  and  pipes  lead- 
ing to  ordinary  chimneys  built  up  in  the  walls  of  the  building.  No 
inconvenience  is  experienced  from  smoke  after  the  coal  is  coked. 
Formerly  when  the  blacksmiths  coked  all  of  their  own  coal  the 
smoke  was  very  troublesome  for  an  hour  or  so  in  the  morning  when 
the  coal  was  being  coked  for  the  day's  work,  especially  in  the  pattern 
shop,  which  was  connected  at  one  end  with  the  blacksmith  shop  in 
such  a  manner  as  to  allow  a  great  part  of  the  smoke  to  pass  into  it, 
almost  smoking  the  pattern-makers  out.  For  some  time  past  the 
coal  has  been  purchased  already  coked,*  which  obviates  the  diffi- 
culty. 

Mr.  James  A.  Tilden. — At  a  well-known  steam-engine  works 
they  use  a  method  by  which  they  are  enabled  to  get  rid  of  the  gas 
and  smoke  in  the  blacksmith  shop.  The  shop  is  large  and  has  in 
it  seven  or  eight  forges,  and  they  simply  deflect  a  portion  of  the 
blast  used  for  the  forge  into  the  smoke  flue  of  the  hood  directly 
over  the  forge,  creating  a  draft  in  that  way  after  the  manner  of  an 
inspirator.  I  have  seen  two  fires  started,  one  without  the  exhaust- 
ing blast  and  the  other  with,  and  while  one  smoked  a  good  deal  at 
starting  and  gave  -out  a  good  deal  of  gas,  the  other  was  entirely 
free  from  both.  The  parties  claim  the  device  works  to  their  entire 
satisfaction. 

Mr.  Olin  Scott. — I  will  mention  one  case  when  I  saw  six  fires 
taken  care  of  by  running  the  pipes  from  each  fire  into  a  main  pipe, 
overhead,  through  which  a  moderate  blast  was  maintained.  The 
arrangements  produced  a  good  draft,  but  it  was  found  necessary  to 
have  large  hoods  over  the  fires,  and  the  hoods  placed  quite  low,  to 
catch  and  carry  off  the  products  of  combustion.  Without  the  large 
hoods  so  placed,  the  smoke  and  gas  from  a  new  fire  of  bituminous 
coal  would  fall  and  settle  and  stay  in  the  lower  part  of  the  shop  and 
nearly  suffocate  the  men.  It  was  found  that  the  amount  of  air 
taken  out  of  the  shop  by  the  smoke  ventilators  caused  such  an  in- 
flux of  cold  air  in  winter  as  to  cause  complaint  of  cold  feet  by  the 
workman. 

Mr.  II.  JR.  Towne, — During  the  war  I  Mas  for  two  years  engaged 

*  The  coke  referred  to  is  a  special  quality  used  for  forge  purposes.  The  black- 
smiths find  it  very  satisfactory  for  tool-dressing,  small  forging,  and  welding,  but 
preier  to  coke  their  own  coal  for  heary  work. 
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on  marine  engine  work  in  the  Charlestown,  Mass.,  Navy  Yard,  and  in 
this  connection  may  mention  that  the  blacksmith  shop  as  it  then 
existed  there  (and  I  presume  it  is  so  still)  was  perhaps  the  cleanest 
and  best  ventilated  one  in  the  country,  although  more  expense  was  in- 
curred in  accomplishing  this  than  mostprivate  concerns  would  care 
to  go  to.  There  was  a  high  brick  chimney  located  at  one  side  of  the 
building,  apart  from  it,  with  underground  flues  laid  through  the 
shop  to  connect  with  the  forges  and  a  sheet-iron  hood  over  each 
forge  with  an  inverted  pipe  leading  down  into  the  underground 
flues,  and  thus  connecting  with  the  stack  at  its  base.  Artificial 
ventilation  was  maintained,  if  I  recollect  correctly,  by  the  waste 
products  of  combustion  from  the  boilers  being  discharged  into  this 
same  chimney.  It  was  a  most  exceptionally  clean  and  comfortable 
shop,  and  one  of  very  large  size. 

Mr.  Allan  Stirling. — In  the  case  to  which  I  referred,  when  we 
built  the  fire  in  the  chimney  the  draft  was  so  strong  that  it  would 
take  away  a  good  deal  of  the  gas,  and  also  in  this  particular  case  the 
coal  used  was  not  coking  coal.  I  do  not  think  it  would  be  practical 
to  coke  it  so  that  it  could  be  used. 

Mr.  J.  T.  Hawkins. — 1  have  no  idea  that  the  remedy  for  the  smoke 
nuisance  in  a  smithy  will  be  found  in  the  use  of  coke,  except  for 
special  kinds  of  work.  Blacksmiths  have  a  very  peculiar  method 
of  operating  fires  in  ordinary  smith  work,  and  it-would  be  very  diffi- 
cult, I  think,  to  convince  them  that  anything  but  coking  bituminous 
coal  can  be  successfully  used  in  such  cases.  For  some  operations 
they  produce  a  kind  of  artificial  muffle,  by  allowing  a  new  fire  to 
bank  and  cake  over  upon  the  outside,  forming  a  hemispherical 
oven-like  structure,  within  which  their  operations  are  conducted; 
and  which  would  be  cpiite  impossible  to  produce  by  the  use  of  coke. 
I  am  not  at  all  sure  that  he  is  not  correct  in  his  traditional  adherence 
to  these  peculiarities,  and*  I  have  no  doubt  that  there  are  many 
operations  performed  by  the  aid  of  the  smith's  fire  which  could  not 
be  successfully  done  by  means  of  any  non-smoke-producing  fuel. 
They  would  no  more  think  of  using  coke  than  soap,  in  some  of 
their  operations.  

No.  259—40. 

What  data  can  you  give  from  your  experience   as  to  the  working  pres&uie  of 
gear  teeth  ? 

Mr.   Alfred   B.    Couch. — One    would    hardly  suppose,  looking 
through  the  various  engineering  works  published,  that  such  a  ques- 
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tion  need  be  asked.     The  rules  furnished  are  in  number  bountiful 
and  in  variety  nearly  infinite. 

A  few  years  ago  Mr.  John  H.  Cooper,  one  of  our  members,  col- 
lected some  thirty  or  forty  of  these  rules,  and  the  collection  was  a 
curiosity.  Certainly  no  two  of  them  agreed.  The  deduction  from 
some  of  them  was  that  the  safe  stress  on  the  wheel-tooth  would  vary 
as  the  pitch  ;  from  others,  as  the  square  of  the  pitch  ;  from  one,  if 
not  two,  as  the  cube  of  the  pitch.  I  am  sorry  not  to  have  a  copy 
of  this  collection,  because  it  certainly  is  a  curiosity.  Some  of  these 
rules  assume  a  fixed  proportion  of  breadth  of  face  to  pitch;  in 
others  the  value  is  made  as  the  product  of  the  pitch  and  breadth. 

I  prefer  to  speak  in  a  way  which  does  not  require  the  use  of  so 
many  terms,  and  assume  that  the  breadth  of  face  is  2^  to  2f  times 
the  pitch.  It  is  of  course  sometimes  necessary  to  use  finer  pitches 
and  broader  faces,  and  sometimes  coarser  pitches  and  narrower 
faces,  to  get  the  required  ratios  and  strength  within  the  required 
limits. 

But  the  rules  of  which  I  speak  give  us  pressures  which,  reduced 
to  the  basis  of  one  inch  pitch  and  2J  to  2f  inches  face,  vary  from 
300  to  700  or  800  pounds  for  cast-iron.  Most  of  them  are  based 
upon  the  transmission  of  a  given  amount  of  horse-power  at  a  given 
velocity.  That  is  a  deceptive  and  misleading  manner  of  stating  the 
case. 

For  instance:  Suppose  100  horse-power  to  be  transmitted  by 
gearing  from  a  steam  engine  whose  boiler-pressure  is  80  lbs.  and 
whose  point  of  cut-off  is  at  one-fifth  or  one-quarter  of  the  stroke. 
That  is  all  very  well.  But  the  engine  is  very  likely  to  start  at  half- 
stroke,  and  to  put  a  strain  upon  the  teeth  due  to  the  entire  boiler 
pressure  and  piston  surface  at  the  greatest  leverage  of  the  crank. 
When  at  its  normal  velocity  and  transmitting  its  usual  power,  the 
gearing  will  be  under  a  strain  probably  less  than  half  that  under 
which  it  commenced  moving. 

And  in  rolling,  punching,  shearing,  and  pumping  machinery,  and 
many  other  kinds  in  which  gearing  is  used  to  transmit  power,  the 
use  of  the  horse-power  at  a  given  velocity  as  a  unit  in  computing 
its  strength  is  very  misleading. 

In  my  own  experience  I  know  of  a  good  many  pairs  of  gears,  in 
which  the  smaller  wheel  has  not  more  than  20  teeth  and  the 
larger  not  less  than  80,  in  which  the  actual  pressure  at  the  pitch 
circle  is  from  800  to  1,500  pounds  per  one  inch  pitch  by  2\  to  2| 
inches  face.     Of  course,  if  a  uniform   proportion   between   breadth 
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of  face  and  pitch  is  preserved,  the  teeth  become  similar  beams,  and 
their  strength  is  as  the  squares  of  their  similar  dimensions.  That 
is  to  say:  with  the  same  proportionate  breadth,  a  pitch  of  two 
inches  should  be  sufficient  for  transmitting  four  times  as  great  a 
stress  as  a  pitch  of  one  inch. 

In  ray  own  practice,  I  am  well  satisfied  when  I  am  sure  that  a 
pair  of  gears  will  never  be  subjected  to  an}'  greater  strain  than  that 
represented  by  100  pounds  per  one  inch  pitch. 

But,  along  with  the  question  u  What  stress  can  the  teeth  safely 
bear?"  always  comes  another  quite  as  important:  "What  is  the 
greatest  stress  to  which  they  will  be  subjected  in  their  legitimate 
use  ? "  And  the  latter  is  usually  the  more  difficult  question  of  the 
two. 

In  all  cases  to  which  I  have  referred,  and  in  all  cases  with  which 
I  have  had  anything  to  do,  I  consider  it  an  essential  condition  that 
the  pinion  teeth,  by  the  use  of  different  material,  or  by  suitable 
shrouding,  shall  be  made,  of  the  two,  stronger  than  those  of  the 
wheel  in  which  they  run.  Unless  thus  strengthened,  they  are,  by 
reason  of  their  necessary  thinness  at  the  root,  much  weaker.  This 
is  a  matter  reauiring  careful  attention  if  good  results  are  expected. 

3L'.  Allan  Stirling. — Within  a  few  days  I  have  had  occasion  to  come 
in  contact  with  a  pair  of  engines  which  are  21  by  30,  running  100 
revolutions  a  minute,  developing  500  or  600  horse-power,  and  they 
are  driving  through  a  pair  of  wooden -toothed  wheels  about  8  feet  in 
diameter.  The  teeth  are  about  twelve  inches  long  and  there  are 
two  wheels  making:  the  leno-th  of  the  teeth  twentv-fbur  inches.  The 
pressure  per  inch  of  length  of  these  wooden  teeth  would  be  about 
300  pounds.  I  feel  certain  from  what  I  know  of  the  work  of  these 
engines  that  these  teeth  are  doing  about  all  that  they  ought  to  be 
asked  to  do — about  300  pounds  per  inch  in  length. 

J//'.  F.  II.  'Richards. — One  observation  which  I  would  like  to 
make  on  this  subject  is  this  :  Frequently  draughtsmen  make  their 
calculations  for  gearing  as  if  two  or  three  successive  teeth  were  to 
be  in  use  at  the  same  time.  It  seems  to  me  that  in  laying  outgcar- 
ing  for  machinery,  it  should  be  assumed  that  one  tooth  is  to  do  all 
the  work,  and  that  the  work  is  all  to  be  applied  at  the  point  of  the 
tooth  ;  this  plan  being  designed  to  guard  against  accidents.  Where 
calculations  are  made,  as  they  sometimes  are,  on  the  theory  that  two 
or  three  teeth  divide  the  strains  between  them,  and  that  the  work 
is  applied  at  the  pitch  line,  anything  dropping  between  the  teeth 
is  liable  to  throw  too  much  strain  on  one  point,  with  a  breakdown 
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as  the  result.  I  speak  of  this  because  I  hare  known  several  draughts- 
men to  use.  in  designing  machinery,  that  mode  of  calculation — di- 
viding  the  work  up  among  successive  teeth,  so  that  if  a  chip  should 
drop  into  the  gear,  one  tooth  would  have  to  do  all  the  work  and 
would  probably  give  way. 

Mr.  W.  TV.  Dingee. — The  cog  gearing  of  lever  powers  used  in 
threshing,  owing  to  the  irregular  draft  of  horses,  is  subjected  to 
heavier  strains  in  proportion  to  face  and  pitch  of  teeth  than  is 'usual 
in  stationary  machinery,  and  as  an  illustration  of  the  possibilities  of 
toothed  gearing,  working  under  many  disadvantages,  may  be  of 
value. 

In  this  kind  of  power  (Fig.  169)  12  horses  walk  in  a  circle  25  ft. 
in  diameter  at  the  rate  of  196  ft.  per  minute,  and  to  exert  the 
ordinary  horse-power  would  have  to  draw  3 \ g  {? °  =  169  lbs.  each. 

In  the  accompanying  vertical  section  of  a  power,  master  wheel  a 

is  6  ft.  in  diameter,  and  is  a  double  bevel  wheel  with  150  teeth  on 

each  face.     To  this  wheel  6  levers  are  attached,  the  outer  ends  of 

which  describe  the  25  ft.  circle,  in  which  the  horses  walk.     Taking 

the  center  of  the  wheel  as  the  fulcrum,  and  the  circumference  as  the 

point  of  resistance  gives  a  lever  12£  ft.  long,  fulcrum  at  one  end, 

resistance  3  ft.  from  fulcrum,  power  applied  9|  ft.  from  resistance. 

91 
The  gain  of  power  in  this  lever  would  be  -^    =  3.16 — Total   draft 

of  horses  169  lbs.  x  12  x  3.16  =  640S  pressure  in  lbs.  on  master  wheel 
a.  The  power  applied  to  this  master  wheel  is  transmitted  to  shaft 
b  by  the  bevel  pinions  c  c  c  c.  These  pinions  are  5  inches  diameter 
on  pitch  line  and  have  13  teeth  each  ;  the  two  that  are  keyed  to 
short  shafts  d  give  their  power  to  shaft  b  through  angle  pinions, 
and  as  there  are  two  teeth  of  each  of  the  four  pinions  c  c  c  c  in 
action  at  once,  the  strain  per  tooth  on  these  pinions  would  be 
iup=S01  lbs.  The  face  of  these  teeth  is  3  in.  x  f  inches  or  2\ 
square  inches  each,  the  movement  is  47  ft.  per  minute. 

In  the  center  of  shaft  b  is  keyed  the  large  spur  wheel  which  is 
38  inches  diameter  and  has  140  teeth.  This  wheel  gears  with  a 
pinion  4J  inches  diameter,  having  17  teeth  keyed  to  shaft/".  Shaft 
b  turns  28.8  times  per  minute,  which  gives  the  teeth  of  the  spur 
wheel  a  movement  of  280  per  minute 

In  the  turning  of  the  large  spnrwheel  the  power  is  applied  to  the 
short  arm  of  lever  and  must  be  divided  by  7.1  to  represent  strain 
on  its  cog>.  There  are  two  of  these  spur  wheel  cogs  in  action  at 
once  ;   making  no  allowance  for  power  required  to  turn  shaft  b,  we 
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Fig.  169. 
have  |4£|  =  451  lbs ;  1\  in.  X  5-8  in.  =  155  square  inches,  face  of 
tooth. 

Experience  shows  that  in   this  power  the  spur  pinion  turning 
shaft/will  much  outlast  the  bevel  pinions  turning  shaft  h.  By  the 
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data  given  it  will  be  seen  that  the  pressure  per  square  incli  on  face 
of  bevel  pinion  cogs  c  c  c  c  h  356  lbs.  and  motion  47  ft.  per  minute, 
while  the  spur  pinion  cogs  work  under  a  pressure  of  about  290  lbs. 
per  square  incli  and  have  a  motion  of  280  ft.  per  minute. 

As  the  power  was  originally  made,  angle  pinions  were  not  used 
and  the  entire  strain  passed  through  the  two  pinions  on  shaft  b  ; 
when  this  was  the  case  the  breakage  was  very  great.  Over  10,000 
of  the  double-geared  powers  have  been  made  and  used  in  the  past 
10  years  with  little  or  no  breakage. 

Mr.  Geo.  H.  BabcocJc. — It  seems  to  me  that  on  this  subject  we 
can  lay  down  no  rule,  no  formula,  which  will  apply  to  all  proportions 
of  teeth,  certainly  not  a  formula  which  will  apply  to  all  materials. 
The  object  of  the  question,  as  I  understand  it,  is  to  gather  data 
from  practical  experience,  and  that  is  always  a  very  good  thing  to 
do.  You  will  see  why  it  is  not  possible  to  lay  down  a  formula 
which  will  apply  to  all  sizes  of  teeth,  because  if  we  make  the  pres- 
sure proportionate  to  the  strength  of  the  teeth  considered  as  a  beam 
there  will  come  a  point,  as  the  tooth  is  enlarged,  where  this  pres- 
sure will  be  too  great  for  the  surface  in  contact  and  cause  too  great 
wear.  If  we  base  it  upon  a  f  rictional  limit,  or  an  ascertained  pressure 
which  is  proper  for  the  amount  of  wearing  surface,  that  will  be  too 
great  for  the  strength  of  small  teeth.  If  we  make  it  right  for 
wooden  teeth  it  will  be  too  light  for  iron  teeth,  and  if  we  make  it 
right  for  iron  teeth  it  will  cause  too  much  wear  on  wooden  teeth. 
Any  attempt  at  a  formula  of  that  kind  will  have  to  be  very  com- 
plicated. 


No.  259—41. 

What  is  the  best  method  and  form  of  tool  for  drilling  small  deep  holes  in  steel, 
say  a  hole  4-  inch  in  diameter  drilled  4  feet  into  end  of  a  steel  shaft. 

J//'.  Henry  R.  Towne. — There  was  occasion  in  my  own  experi- 
ence to  drill  a  hole  of  about  the  dimensions  indicated,  and  on  mak- 
ing inquiry  of  others  engaged  in  lines  of  work  which  would  require 
such  an  operation,  I  was  surprised  to  find  that  there  is  very  little 
information  obtainable  upon  the  subject,  and,  in  fact,  with  the  ex- 
ception of  what  I  got  from  Pratt  tt  Whitney,  I  did  not  succeed  in  get- 
ting any  real  light  upon  it.  I  infer  from  this  that  it  is  not  a  usual 
requirement  to  have  to  drill  small,  deep  holes  into  metal ;  but  if 
there  are  any  here  who  have  had  occasion  to  do  so,  it  will  be  a 
useful  contribution  to  our  general  fund  of  knowledge  if  they  will 
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give  the  results  of  their  experience  as  indicating  the  best  means 
of  doing  it.  The  trouble  is  quite  a  complex  one.  As  you  get 
deep  into  the  metal,  of  course  there  comes  the  question  of  how  to 
get  oil  or  soda  water  down  to  feed  the  point  of  your  drill,  and  how 
you  will  get  the  chips  back  again.  If  you  have  a  very  small  drill, 
the  friction  of  the  tool  against  the  sides  of  the  hole  becomes  very 
large,  and  induces  danger  of  finally  twisting  off  the  drill  near  its 
outer  end,  in  which  case  it  breaks  in  the  hole.  I  hope  some  one 
here  may  have  experience  in  this  matter. 

Mr.  Emery. — Have  not  gun-makers  been  through  all  that? 

Mr.  Towne. — I  presume  they  have  with  larger  holes. 

Mr.  Geo.  M.  Bond. — I  would  say  that  at  the  works  of  The  Pratt 
&  Whitney  Company  the  operation  of  drilling  small  holes,  30  or 
40  inches  long,  from  }  of  an  inch  in  diameter  to  \\  inches,  has 
been  performed  with  an  arrangement  of  drill  and  oil  pump  de- 
signed by  one  of  our  tool  makers,  Mr.  J.  \Y.  Heyer,  and  has  worked 
very  successfully.  Half-inch  holes  are  drilled  at  the  rate  of 
2<>  inches  per  hour  in  lengths  up  to  26  inches.  The  drill  is 
fed  forward  continuously  until  the  hole  is  completely  through. 
The  form  of  drill  is  one  having  a  single  lip  with  a  groove  cut 
spirally  nearly  to  the  center,  around  one  side  of  it,  while 
the  opposite  side  is  left  so  as  to  make  the  oil  channel  :  then  a 
thin  piece  of  steel  is  soldered  in  this  latter  groove  to  form  the 
channel  oil-tight.  Oil  is  forced  under  pressure  through  the  center 
of  the  drill  by  means  of  a  pump  carried  by  an  independent  belt. 
The  lathes  we  have  arranged  for  this  work  have  each  a  pump  with 
an  air  chamber  giving  a  continuous  flow  of  oil,  which  is  thus  forced 
in  under  a  pressure  of  one  hundred  to  two  hundred  pounds  to  the 
square  inch.  The  oil  is  thus  carried  to  the  point  of  the  drill,  and 
this  current  under  such  high  pressure  carries  the  chips  out  to  the 
mouth  of  the  hole.  In  our  experience  it  works  well  up  to  lengths 
of  20  to  30  inches.  The  drill  very  rarely  runs  out  of  the  center 
more  than  half  a  hundredth  to  a  hundredth  of  an  inch.  The  rec- 
ord, as  I  have  it  here,  shows  that  with  holes  three-quarter  inch  in 
diameter,  26  inches  long,  one  man  running  two  lathes,  a  three- 
quarter  inch  drill  in  one  lathe  and  a  one-inch  drill  in  the  other, 
4.\  spindles  26  inches  long  and  3  spindles  30  inches  long  were 
drilled  iu  ten  hours.  The  record  for  inch  and  a  quarter  holes  is: 
5  spindles,  25  inches  long,  drilled  in  ten  hours,  one  man  running 
one  lathe.  I  might  say  that  this  drill  iu  running  was  so  com- 
pletely filled  with  oil,  and  thus  kept  cool  and  well  lubricated,  that 
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the  dulling  of  the  drill  was  so  slight  that  the  spindles,  which  were 
26  inches  long,  were  all  finished  with  grinding  the  drill  only  in  the 
morning  at  the  commencement  of  the  operation.  We  have  at- 
tempted to  drill  gun  barrels  as  small  as  twenty-five  one-hun- 
dredths  of  an  inch  in  diameter,  but  this  small  size  drill  has  a  decided 
tendency  to  twist,  though  no  doubt  we  shall  finally  conquer  this 
difficulty  also.  All  our  spindles  for  drills,  lathes,  and  screw  ma- 
chines are  now  being  drilled  in  one  department  of  our  works.  I 
may  say  that  in  the  American  Machinist  of  March  27th,  1886, 
there  is  an  article  by  Mr.  A.  B.  Landis  describing  his  system  of 
drilling  deep  holes,  but  the  oil  was  introduced  in  a  somewhat  dif- 
ferent wa}\  The  oil  was  pumped  in  around  the  outside  of  the 
shell  which  carried  the  working  part  of  the  drill,  instead  of  within 
it,  as  in  our  practice.  The  method  which  we  have  adopted  seems 
to  present  fewer  difficulties  in  the  way  of  keeping  up  the  drills, 
and  insures  the  oil  being  delivered  at  the  proper  place,  and  also 
the  complete  discharge  of  the  chips  without  clogging  during  the 
operation. 

Mr.  Towne. — I  am  informed  that  we  have  with  us  here  Mr.  Sup- 
plee,  of  Philadelphia,,  who  has  had  experience  in  this  matter.  I 
believe  he  is  not  a  member  of  this  society,  but  I  should  be  very 
glad  if  the  Chair  would  invite  him  to  tell  us  what  he  knows  of  this 
matter. 

The  President. — We  should  be  pleased  to  hear  from  Mr.  Sup- 
plee. 

Mr.  H.  II.  Supplee. — The  only  experience  I  have  had  in  this  matter 
lis  that  I  witnessed  the  operation  of  drilling  holes  about  three  feet 
deep  and  three-eighths  of  an  inch  in  diameter.  This  was  two  or 
three  years  ago.  I  do  not  recollect  entirely  the  details,  but  it  was 
performed  by  welding  an  ordinary  twist  drill  to  the  end  of  a 
wrought-iron  shank.  The  shank  was  sufficiently  smaller  than  the 
drill  so  as  to  allow  the  chips  and  dust  to  escape  around  the  shank, 
and  the  result  was  that  the  drill  was  only  in  contact  with  the  bore 
for  four  or  five  inches.  This  was  done  in  an  ordinary  lathe.  The 
drill,  I  believe,  was  supported  near  the  end  and  held  on  the  car- 
riage so  that  it  could  be  frequently  withdrawn  for  lubrication.  I 
think  the  chips  were  withdrawn  in  that  way.  In  this  case  it  was 
not  essential  that  the  hole  should  be  perfectly  true  or  perfectly 
smooth,  but  simply  that  it  should  be  gotten  through  successfully 
without  deviating  very  greatly  from  the.  center  of  the  rod,  and 
without  any  possibility  of  breaking  the  drill  off  in  the  hole.     It 
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was  quite  successful,  and  two  or  three  rods  were  drilled  in  this 
manner. 

Mr.  Emery. — I  suppose  that  in  all  cases  the  work  turns  and  the 
drill  is  stationary  ? 

Mr.  Siqiplee. — It  was  so  in  this  case. 

Mr.  Emery. — Was  it  so  in  Hartford  ? 

Mr.  Bond.— Yes. 


No.  259—42. 


Have  you  made  any  use  of  calculating  machines  or  tables,  either  in  profes- 
sional or  commercial  work  ;  if  so,  with  what  result  ? 

Mr.  F.  A.  Halsey. — For  the  past  five  years  I  have  made  habitual 
daily  use  of  the  slide  rule,  and  have  come  to  regard  it  as  an  indis- 
pensable desk  adjunct.  As  a  saver  of  time  and  mental  wear  and 
tear  in  tedious  calculations,  its  value  is  great  and  unquestionable. 
Its  use  once  acquired,  it  will  not  be  laid  aside.  Its  only  drawback 
is  the  amount  of  practice  necessary  to  acquire  facility  in  its  use,  for 
while  its  method  of  operation  can  be  learned  and  understood  in  an 
hour,  facility  in  its  use  only  comes  with  a  good  deal  of  practice. 
This  grows  out  of  the  fact  that,  unlike  ordinary  scales  for  measur- 
ing purposes,  its  divisions  have  different  values  in  different  parts  of 
its  length,  and  this  arrangement  continues  to  perplex  the  eye  after 
the  head  has  learned  to  understand  it.  Its  use  once  learned,  work 
becomes  practicable  that  without  it  would  not  be  attempted,  such  as 
the  preparation  of  tables  relating  to  the  user's  specialty.  In  such 
work  the  value  of  the  instrument  is  simply  enormous.  A  single 
setting  will  enable  one  person  to  read  off  a  column  or  line  of  the 
proposed  table  as  rapidly  as  another  can  write  down  the  results. 
Fractional  factors  of  large  denomination  can  be  handled  as  rapidly 
as  the  smallest  whole  numbers,  powers  are  raised,  roots  extracted, 
and  areas  and  circumferences  determined  by  a  glance  ;  in  fact,  a 
bare  statement  of  its  qualities  and  uses  seems  extravagant  and  ex- 
cites incredulity. 

Mr.  H.  R.  Towne. — The  slide  rule  which,  after  having  been  well 
appreciated  fifty  or  seventy-five  years  ago,  and  then  going  out  of  use, 
is  coming  back  again,  and  evidently  has  great  convenience  in  many 
kinds  of  work.  There  are  some  kinds  of  work,  however,  where  ab- 
solute precision  is  requisite, as  in  calculations  involving  values  where 
two  parties  are  concerned,  and  where  those  values  must  be  precise  to 
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one  cent.  In  such  cases  a  slide  rule  would  not  do.  For  troublesome  ad- 
ditions, subtractions,  multiplications,  and  divisions  my  attention  was 
called  at  one  of  our  meetings  and  by  one  of  our  members  to  a  book 
called  "Crelle's  Tables,"  published  in  Germany,  which  1  have  found  is 
obtainable  in  New  York.  These  tables  are  equally  valuable  for  pro- 
fessional and  for  commercial  work,  and  perhaps  have  their  greatest 
value  in  the  counting-house.  I  have  found  them  sufficiently  useful 
to  be  worth  noting  and  worth  trying  by  almost  any  one  having  to 
make  calculations,  either  commercial  or  otherwise. 

Mr.  F.  II.  Richards. — Without  attempting  to  give  very  much  in- 
formation on  this  subject,  I  would  remark  that  the  majority  of  slide 
rules  are  manufactured  in  a  crude  way,  and  the  graduating,  espe- 
cially, is  done  in  a  manner  which,  to  say  the  least  is  very  economi- 
cal. Although  I  never  made  much  use  of  them,  at  one  time  I  was 
very  well  acquainted  with  their  manufacture.  My  idea  is — and  I 
think  most  of  you  will  agree  with  me — that  the  slide  rule  is,  in  some 
classes  of  work,  very  useful  as  a  means  for  estimating,  somewhat 
roughly,  general  results,  but  that  it  can  not  be  relied  upon  where 
accurate  calculations  are  required.  Some  years  ago  I  heard  Profes- 
sor H.  A.  Newton,  of  New  Haven,  say  some  one  had  made  a  spiral 
slide  rule  ten  feet  in  length,  which  gave  very  good  results. 

Mr.  Geo.  31.  Bond. — In  our  drawing-room  the  use  of  the  slide 
scale  is  found  very  convenient  by  at  least  one  of  our  draftsmen. 
This  slide  rule  is  one  in  which  the  subdivisions  and  values  are  all  in 
Danish,  and  the  owner  seems  to  handle  them  with  great  facility  in 
extracting  square  and  cube  roots  and  estimating,  logarithms,  etc.  He 
seems  to  be  able  to  do  it  in  a  quarter  of  the  time  it  could  be  done 
in  the  ordinary  way.  It  seems  to  me,  however,  that  it  would  be 
necessary  to  have  it  in  constant  use,  in  order  to  keep  in  practice  suffi- 
ciently to  be  able  to  handle  it  and  compete  with  the  ordinary 
methods,  even  to  the  limited  degree  of  accuracy  obtained  by  its 
use. 

Mr.  Olin  Scott. — There  is  a  point  in  connection  with  this  which 
seems  to* be  overlooked  by  a  great  many  writers  and,  as  a  result  of 
my  own  experience,  covering  a  good  many  years  as  a  builder  of  ma- 
chinery for  making  measuring  instruments,  I  have  come  to  the  con- 
clusion that  it  is  very  hard  to  induce  any  man,  having  any  mathe- 
matical ability  whatever,  to  substitute  a  machine  for  mental  opera- 
tions. Now,  the  common  carpenter's  steel  square,  which  is  used 
almost  universally  in  this  country,  was  invented  by  a  man  near  where 
I  was  born,  and  for  a  great  many  years  those  squares  were  made 
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there  solely.     He  was  the  inventor  of  what  is  known  as  the  board 
measure,  a  measure  for  laj'ing  off  octagons,  and  another  known  as'the 
brace  scale,  all  of  which  were  but  little  used  for  many  years.    After 
I  became  the  owner  of  a  machine  shop  and  made  machinery  for  con- 
structing those  squares,  I  endeavored  to  carry  that  process  further 
by  putting  on  scales  by  which  you  could  determine  the  circumfer- 
ence of  circles  from  their  diameter.     I  also  got  up  a  scale  whereby 
the  contents  of  a  pile  of  wood  could  be  measured  in  cords,  making 
the  unit  of  measure  the  side  of  the  cubical  cord.    I  never  could  sell 
it.     I  also  attempted  about  twelve  years  ago  to  make  measuring  in- 
struments by  introducing  the  decimal  system,  and  they  had  only  a 
limited  use  among  engineers.     I  never  sold  a  rod  in  this  country 
made  on  the  French  system  of  meters.     I  found  a  great  many  men 
advocating  the  introduction  of  the  decimal  principle  or  French  sys- 
tem, and  I  made  machinery  at  a  cost  of  eight  thousand  dollars  for 
making  measuring  rods,  chiefly  three  meters  in  length,  and  I  never 
had  an  order  for  them.    The  point  of  all  this  is,  that  it  is  very  hard 
to  induce  any  person  to  substitute  a  tool  or  instrument  for  computa- 
tion which  he  can  perform  mentally. 

Mr.  C.  E.Emery. — The  most  efficient  form  of  slide  rule  is  prob- 
ably that  formerly  made  by  Mr.  John  W.  Xystrom.  It  is  simply  a 
metal  plate  of  segmental  form,  with  various  curves  engraved  upon  it 
on  a  groundwork  of  radial  and  circular  lines.  Each  curve  refers  to 
a  particular  calculation,  and  the  readings  are  made  by  noting  the 
intersections  of  such  curve  with  the  groundwork  of  regular  lines. 
Many  who  have  used  this  instrument  have  found  it  of  great  service, 
and  it  was  by  its  use  that  Mr.  Xystrom.  was  able  to  perform  so  much 
mathematical  work.  It  would  be  interesting  if  parties  from  Phila- 
delphia could  inform  us  whether  arrangements  have  been  made  to 
continue  the  manufacture  of  these  instruments  since  Mr.  Xystroni's 
death.  Some  of  his  work  has  proved  very  valuable.  His  tables  and 
rules  for  parabolic  construction  of  ships'  lines  will  be  found  partic- 
ularly useful. 

In  connection  with  the  calculating  machine  above  referred  to, 
which  I  have  described  as,  practically,  a  slide  rule,  it  is  well  to  say 
that  very  many  of  the  proportions  in  regular  use  in  a  manufactory 
can  be  very  conveniently  plotted  in  the  same  wa}T.  If  sheets  are 
prepared  with  either  rectangular  or  polar  co-ordinates  and  any 
progressive  system  of  data  laid  down  upon  the  same,  such  as  size 
of  piston  rods,  dimensions  of  frames  or  any  other  parts  of  a  steam 
engine,  a  curve  may  be  quickly  plotted  to  connect  the  points  which 
46 
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will  aid  the  eye  and  judgment  very  greatly  in  designing  structures 
of  the  same  kind,  though  widely  different  in  size. 


No.  259—43. 

"  What  limit  of  stress  should  be  adjusted  for  cbaius  as  used  on  cranes?" 

Mr.  C.  Seymour  Dutton. — I  think  the  answer  to  this  question 
depends  largely  on  the  crane,  and  principally  on  the  chain,  and 
perhaps  somewhat  on  the  character  of  the  work  ;  but  so  far  as 
that  is  concerned,  I  suppose  we  may  assume  that  there  are  no 
sudden  shocks  to  come  on  the  chain,  and  we  have  simply  to  pro- 
vide for  a  chain-strong  enough  under  ordinary  conditions  to  raise 
the  load  with  safety.  Usually  the  chain  rests  on  a  cylindrical 
surface  sometimes  not  very  large,  and  if  the  links  are  of  any  con- 
siderable length,  there  is  a  tendency  to  a  bending  action  of  the 
links,  which  is,  of  course,  injurious  to  it  to  a  certain  extent  ;  but, 
as  I  said,  the  difficulty,  I  think,  principally,  is  the  quality  of  the 
chain.  Now  in  ordinary  iron  construction  we  are  accustomed  to 
specify  to  the  manufacturers  a  certain  quality  of  iron,  and  to  in- 
sist on  that  quality.  We  make  tests  of  a  portion  of  the  bars  ; 
specimens  are  cut  out  and  tested  for  ultimate  strength,  elastic 
limit,  elongation,  and  various  other  characteristics,  and  we  see 
that  the  material  comes  up  to  that  requirement.  So  far  as  I  know, 
in  getting  chains  we  do  not  have  any  such  guaranty  as  to  the 
qualitv  of  the  chains.  The  chains  are  very  difficult  to  test,  be- 
cause they  are  made  of  such  a  large  number  of  parts  that  it  is  diffi- 
cult to  test  anything  more  than  the  ultimate  strength  of  the  chain. 
Probably  some  of  the  very  strongest  links  in  the  chain  for  tensile 
strain  are  the  first  to  break.  I  had  occasion  in  the  last  two  or 
three  Weeks  in  our  own  work  to  see  two  chains  broken.  In  one 
case  a  crane  chain  broke  and  ruined  a  large  brick-mold  that  was 
just  ready  to  be  dried.  In  another  case  it  was  a  sling  chain 
around  some  machinery.  These,  by  the  way,  are  much  more  liable 
to  break,  because  they  are  much  more  liable  to  be  twisted  or  bent. 
Our  foundryman  said  the  links  were  crystallized  from  hard  use. 
If  there  is  any  one  thing  in  the  world  that  makes  me  more  tired 
than  another,  it  is  to  hear  the  usual  talk  about  the  crystallization 
of  iron.  It  has  been  gone  over  by  the  society  at  previous  meet- 
ings, and  it  is  hardly  necessary  to  /  say  anything  on  the  subject ; 
only,  if  a  piece  of  iron  is  broken  and  it  appears  to  be  crystallized, 
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you  can  make  up  your  mind  that  it  was  crystallized  when  the  iron 
was  made.  I  have  seen  cases  in  which  iron  had  deteriorated,  as 
I  believed,  from  continuous  action  that  extended  probably  bej^ond 
the  elastic  limit  of  the  iron.  I  remember  one  instance  that  oc- 
curred— or  a  number  of  instances  that  occurred — Avhen  I  was  a  boy 
on  a  farm.  I  had  occasion  to  run  a  mowing-machine  a  good  deal, 
and  after  a  time  the  knife  bars  of  the  mowing-machine  would 
break.  After  they  got  so  that  tbey  would  break,  it  was  no  use  to 
do  anything  further  to  them  ;  welding  or  patching  them  was  no 
good.  The  appearance  of  the  iron  was  not  crystalline  ;  it  was  a 
rounded  bright  surface,  or,  as  1  expi-essed  it,  of  a  granular  char- 
acter entirely  different  from  a  cold-short  fracture  or  a  crystalline 
fracture  of  cast-iron.  That  has  been  my  experience  with  a  chain 
that  I  have  seen  broken;  there  was  simply  a  link  in  it,  or  a  por- 
tion of  the  link,  that  was  full  of  phosphorus  all  the  way  through, 
and  so  brittle  that  it  did  not  stand  the  action.  The  practice  in 
bridge-work  has  been  to  allow  for  the  tension  members  a  stress 
of  about  10.000  pounds  to  the  square  inch,  in  some  cases  adding 
to  the  material  to  allow  for  the  effect  of  impact  a  percentage  of 
perhaps  25  per  cent,  on  members  which  received  their  shock  di- 
rectly, and  I  cannot  see  any  reason  why  the  limit  should  be  placed 
any  lower  than  that.  I  think  that  would  be  an  entirely  safe  limit 
for  a  chain  if  we  can  get  our  chains  of  good  fibrous  iron  ;  iron  of 
a  tensile  strength  say  of  50,000  pounds  to  the  square  inch,  which 
is  about  as  good  as  we  can  get,  and  have  the  other  qualities  we 
want  connected  with  it. 

Mr.  lYm.  Kent. — A  great  deal  might  be  learned  on  this  subject 
of  the  strength  of  chain  from  Commander  Beardslee's  report  on 
wrought  iron  and  chain  cables,"  and  I  think  in  Mr.  Holley's  analy- 
sis of  the  effect  of  phosphorus  on  iron  (included,  also,  in  Com- 
mander Beardslee's  report)  he  showed  that  moderately  high 
phosphorus  was  not  inconsistent  with  a  very  good  chain  iron ; 
that  some  of  the  best  chain  cables  have  higher  phosphorus  than 
some  of  the  poor  ones.  In  regard  to  the  factor  of  safety,  there  is 
a  very  great  difference  in  the  strength  of  the  chain  link  compared 
with  the  strength  of  the  bar  from  which  it  is  made.  The  link  has 
from  135  to  170  per  cent,  of  the  strength  of  the  bar,  so  that  in 
getting  factors  of  safety  for  chains  the  link  may  be  taken  as  hav- 
ing 150  per  cent,  of  the  strength  of  the  bar,  and  then  allow  a 
pretty  high  factor  of  safety  after  that. 

*  John  Wiley  &  Sons. 
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Mr.  John  Walker. — It  is  a  well-known  fact  that  if  you  take  a  bar 
of  iron  and  cut  a  piece  from  the  end,  it  may  look  very  good  and  ap- 
parently be  very  strong ;  at  the  same  time  a  piece  from  the  other 
end  of  the  bar  might  break  off  with  the  vibration  in  cutting  same- 
It  is  almost  impossible  to  get  a  piece  of  bar  iron  that  is  consist- 
ent its  entire  length.  A  short  time  ago,  in  Cleveland,  we  took 
some  bars  of  iron  and  investigated  this  question  of  different  quali- 
ties at  different  parts  of  the  bar.  All  manner  and  kinds  of 
strength  were  represented  in  the  various  sections.  The  iron  was 
2"xl",  and  in  some  of  the  fractures  there  was  not  a  quarter 
of  a  square  inch  of  good  iron  ;  in  other  parts  there  would  be  33 
per  cent.,  and  in  some  places  there  would  be  50  per  cent,  of  good 
fibrous  iron  ;  the  balance  would  be  crystallized.  When  we  have 
iron  of  such  a  quality  as  this  put  on  the  market,  it  is  very  neces- 
sary, in  chain  work  especially,  that  we  have  a  very  high  factor  of 
satety.  At  the  Cleveland  meetiug,  it  will  be  remembered,  the 
question  of  chains  was  discussed,  in  reference  to  their  passing 
over  grooved  wheels.  I  would  like  to  inquire  of  Mr.  Dutton  if 
the  chain  he  speaks  of  that  broke  some  time  ago  had  the  links 
touching  on  the  bottom  of  the  groove,  or  if  the  horizontal  link 
touched  on  the  barrel?  If  a  link  lies  flat  on  a  barrel  it  is  bent, 
and  if  it  should  be  twisted  in  going  back  it  will  be  reversed  and 
bent  the  opposite  way  ;  this  will  soon  break  a  chain.  If  the  ver- 
tical links  are  made  to  bear  on  the  bottom  of  the  groove,  we  have  a 
different  state  of  things  ;  the  vertical  link  being  able  to  carry  the 
chain  without  bending  ;  hence  we  get  the  proper  tension  on  the 
horizontal  link  without  bending  the  same,  whereas  if  the  horizon- 
tal link  lies  flat  on  the  barrel,  we  will  bend  it. 

Mr.  Dutton. — The  pulleys,  the  same  as  the  drums  in  this  case, 
were  all  grooved  and  the  chain-links  lay  flat,  the  two  sides  of  them 
resting  on  the  barrel. 

I  would  like  to  say  just  another  word  in  regard  to  the  quality  of 
the  iron.  If  Mr.  Walker  had  occasion  to  buy  100  bars  of  iron,  and 
he  specified  to  the  manufacturer  that  if  any  one  of  those  bars  that 
he  saw  fit  to  test  showed  cold-short  or  any  other  imperfection,  that 
he  did  not  want  that  the  whole  hundred  should  be  rejected  and 
taken  back,  I  do  not  think  he  would  have  any  of  that  trouble.  I 
have  handled  a  good  deal  of  iron  under  those  conditions,  and  have 
very  seldom  had  to  send  back  any  iron.* 

*  Mr.  Kent  refers  to  a  probable  improvement  in  cbain  due  to  the  presence  of 
a  certain  amount  of  phosphorus  in  the  iron. 
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Mr.  0.  C  Woolson.—l  think  this  subject  of  chains  is  somewhat 
analogous  to  the  subject  of  stays  in  boilers.  We  have  got  to  han- 
dle our  material  several  times  in  different  ways  so  that  the  mere 
testing  of  a  piece  of  a  bar  or  a  whole  bar  amounts  to  very  little, 
except  as  a  conclusion  to  its  fitness  for  working  ;  and  I  think  that 
this  society  is  just  the  body  to  recommend  that  every  chain  be 
tested.  There  should  be  some  method  arrived  at  whereby  these 
chains  can  be  put  to  a  test  before  we  are  asked  to  use  them.  I  do 
not  say  what  kind  of  a  testing  machine  ;  I  merely  assume  that 
there  is  some  way  of  doing  it.  As  regards  the  lay  of  the  chain 
on  the  drum,  I  think  this  gentleman  on  my  right  is  correct.  I 
think  some  of  the  best  drums  that  I  have  seen  for  the  purpose  of 
equalizing  the  strain  through  the  different  parts  of  the  link  allow 
the  links  of  the  chain  to  lie  at  forty-five  degrees,  letting  every  alter- 
nate link  rest  on  one  side.  The  result  is,  we  get  as  free  motion 
betweeu  the  two  links  with  a  somewhat  larger  surface  of  wear,  at 
the  same  time  bringing  a  more  uniform  strain  on  the  two  bars 
than  we  would  if  we  put  the  link  flat  down.  And,  what  is  very 
desirable,  it  enables  the  use  of  a  much  shorter  drum  with  equal 
length  of  chain. * 

*  This  is  doubtless  true,  and,  while  the  construction  engineer  says  that  so  long  as 
he  gets  certain  physical  qualities  in  his  material,  he  cires  not  for  its  composition 
or  method  of  manufacture,  it  may  still  be  some  satisfaction  to  know  what  in- 
gredients and  processes  produce  the  physical  qualities  we  may  or  may  not  desire. 
The  presence  of  phosphorus  in  any  amount  renders  the  iron  more  fluid  and 
easily  worked  while  hot.  but  when  cold,  hard,  brittle,  somewhat  stronger  both 
in  tension  and  compression  under  a  steady  strain,  and  having  a  bright  crystalline 
are  when  broken. 

Pure  iron  is  very  soft,  having  a  rather  low  strength,  and  is  very  easily  oxi- 
dized ;  consequently  a  small  amount  of  phosphoius,  carbon,  and  perhaps  other 
elements  which  we  usually  regard  us  impurities,  actually  render  our  iron  stronger, 
harder,  and  better  adapted  to  our  use. 

But  as  phosphotus  makes  the  it  on  work  easy  and  is  hard  to  get  rid  of,  it  is 
almost  always  found  to  excess  in  bar  iron,  unless  the  iron  is  made  under  a  speci- 
fication.    Old  rails  are  one  of  the  most  fiuitful  sources  of  cold-short  bar  iron. 

Now  it  happened  in  rail  manufacture  the  rail  was  better  if  the  head  was  very 
bard  or  co'd-short,  and  this  was  also  favorable  to  cheapness  in  making  ;  and  while 
the  old  worn-out  rails  are  cheap,  and  pile  up  and  weld  together  very  nicely  be- 
tween the  rolls,  the  product  is  uneven,  mostly  loud,  brittle,  and  altogether  unsat- 
isfactory, and  unfortunately  this  is  just  the  iron  we  can  expect  and  usually  get 
when  we  order  anvthinsr  under  the  head  of  merchant  bar  iron. 
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No.  259—44. 

"  What  is  the  average  efficiency  of  a  man  turning  a  crank?  " 

Prof.  R.  H.  Thurston.— The  efficiency  of  the  man-driven  crank 
depends  very  largely  upon  the  time  expended  in  continuously  op- 
erating it,  as  well  as  upon  the  "  species  and  race,  the  health, 
strength,  activity,  and  disposition  of  the  animal,"  and  other  con- 
ditions mentioned  by  Rankine  and  other  authorities.  I  have 
known  very  nearly  a  horse-power  reached  by  a  heavy  and  power- 
ful man  working  for  a  feAV  moments  at  a  time.  A  half  horse- 
power is  not  difficult  of  attainment  by  such  a  man  working  with 
frequent  intervals  of  rest.  Under  the  usual  conditions  of  the 
working  day,  from  ten  to  fifty  per  cent,  of  the  horse-power  is  ob- 
tained according  to  the  character  of  the  individual  and  the  adap- 
tation of  his  apparatus  to  his  purpose. 

Ordinarily,  I  should  say  that  ten  per  cent,  would  be  about  as 
much  as  should  be  reckoned  upon.  This  means  probably  not  far 
from  fifteen  per  cent,  of  the  power  of  a  horse  ;  for  there  is  at 
least  that  difference  between  the  horse-power  and  the  power  of 
the  average  horse.  Rankine  (St.  Eng.  pp.  84-86)  makes  the 
power  of  a  man  turning  a  crank  about  ten  per  cent,  of  that  of  a 
horse  drawing  a  cart,  and  12|  per  cent,  that  of  the  animal  work- 
ing in  a  "gin.''  Mr.  George  E.  O'Neill,  a  New  York  mechanic, 
who  has  been  working  with  his  eyes  open,  gives  me  the  following  : 
During  the  period  in  which  a  boiler  was  thrown  out  of  use  for  re- 
pairs, it  became  necessary  to  do  the  work  by  man-power,  and  a  15- 
inch  crank  was  attached  to  each  end  of  the  shaft  of  the  small  en- 
gine then  disconnected.  "With  one  man  on  each  crank,  turning  at 
the  rate  of  100  revolutions  per  minute,  three  horse-power  was  ob- 
tained. Reliefs  were  arranged  at  intervals  of  three  minutes,  and 
four  men  thus  employed  worked  twelve  hours  a  day  for  twelve 
days,  at  the  end  of  which  time,  however,  they  were  all,  as  Mr. 
O'Neill  put  it,  "  played  out." 

Tli is  would  give  the  work  of  a  man  by  the  day  at  about  three- 
quarters  of  a  horse-power.  Had  they  worked  ten  hours  a  day  in- 
stead of  twelve,  it  is  probable  that  the  work  might  have  been  con- 
tinued indefinitely. 

Mr.  John  Walker. — I  have  had  something  to  do  with  building 
cranes  in  Europe  and  in  this  country.  I  have  used  the  common 
eld  rule  of  15  to  18  pounds  on  the  crank,  and  find  that  about  the 
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right  amount  we  may  expect  an  average  man  to  continue  to  op- 
erate a  crank  at  without  too  much  fatigue.  For  liftiug  a  given 
load  I  have  to  say  that  I  never  found  it  fail  when  the  gearing  was 
according  to  the  load  to  be  lifted. 

Mr.  Kent. —  I  would  like  to  ask  what  speed  of  revolution,  and 
what  radius  of  crank  arm  he  has  used  ? 

Mr.  Walker. — That,  of  course,  is  regulated  by  the  gearing. 
The  proportion  of  power  will  be  between  the  speed  of  a  crank  at 
the  handle  and  the  speed  of  the  load  lifted  ;  so  that  if  you  have  a 
small  crank,  you  must  have  gearing  of  larger  proportions  or  more 
power.  If  you  make  a  long  crank,  then  you  can  have  gearing  of 
less  proportions  or  less  power. 

Mr.  O.  C.  Wool  son. — I  have  made  some  experiments  during  the 
past  two  years  which  showed  that  a  good  man  will  apply  any- 
where from  30  to  40  pounds. 

Mr.G.  M.  Bond. — I  made  a  little  rough  experiment  the  day  be- 
fore I  started  for  Washington  with  a  hand  crane — one  of  several 
that  are  used  and  were  made  by  the  compan}'  with  which  I  am 
connected.  We  had  a  lathe  bed  which  was  just  ready  to  be  taken 
off  the  planer,  the  weight  of  which  was  very  nearly  2,000  pounds. 
I  timed  the  lifting  of  the  lathe  bed,  and  found  that  two  men 
working  one  on  each  side  of  the  crane,  with  a  crank  radius  of  14 
inches,  raised  2,000  pounds  a  foot  high  in  twrenty  seconds  ;  so  that 
the  work  done  was  0,000  pounds  raised  a  foot  high  in  a  minute, 
developing  about  one-fifth  of  a  horse-power  for  each  man.  Then 
I  took  a  spring  balance  and  attempted  to  get  a  pressure  at  the 
handle,  which  I  estimated  to  be  about  30  pounds.  Afterward  I 
tried  the  experiment  with  one  man  only,  and  found  it  took  40 
minutes  to  raise  the  same  weight.  I  think  on  this  basis  that  the 
single  man  must  have  been  working  harder  than  each  of  the  two 
men.  The  communication  of  the  power  was  through  a  drum 
about  Hi  inches  in  diameter,  using  a  wire  rope,  a  worm  wheel, 
and  a  steel  worm,  the  latter  about  five  inches  in  diameter  and  cut 
with  a  double  pitch  thread,  so  that  the  loss  by  friction  must  have 
been  considerable,  even  with  the  use  of  nicely  cut  worm  gear 
teeth  and  smooth  surfaces  of  the  worms. 

Mr.  Win.  Kent. — In  regard  to  the  figures  given  by  Mr.  Walker 
I  have  made  a  calculation,  showing  that  if  a  man  presses  15  pounds 
on  the  end  of  a  fifteen-inch  crank  and  works  30  turns  a  minute 
he  will  develop  about  one-tenth  of  a  horse-power.  That  corre- 
sponds very  closely  with  Prof.  Thurston's  calculation. 


716  TOPICAL  DISCUSSIONS   AMD   INTERCHANGE   OP  DATA. 

Mr.  John  Walker. — The  rale  which  I  gave  is  an  arbitrary  one, 
and  tlie  man  is  supposed  to  work  at  a  comfortable  speed  without 
excessive  fatigue. 


No.  259—45. 

"  What  is  the  aveiage  1o?s  of  efficiency  from  friction  in  ordinary  hoisting  ma- 
chines operated  by  hand  ?" 

Mr.  Geo.  31.  Bond. — It  Mould  depend  on  whether  spur  gear 
or  worm  gear  were  used.  Of  course,  we  all  know  from  the  ex- 
periments that  were  made  by  Mr.  Lewis  for  William  Sellers  & 
Co.,  that  there  would  be  a  difference  in  the  two  methods  of  driv- 
ing. 

Mr  John  Walker. — I  should  think  that  this  question  is  entirely 
dependent  on  the  construction  of  the  machine  and  the  quality  of 
its  work.  I  should  say  that  if  the  hoisting  machine  has  an  ordi- 
nary winding  power  it  would  be  much  less  than  it  would  be  if 
chain  sheaves  were  used  and  a  stripper  used  to  force  the  chain 
off  the  sheaves  as  they  rotate. 

The  President. — I  suppose  that  the  idea  of  the  one  who  formu- 
lated the  question  was  that  each  one  in  giving  his  experience 
would  state  what  kind  of  hoisting  gear  he  referred  to. 

Mr.  TT  (dl'tr. — Then,  of  course,  the  plain  drum  would  be  much 
simpler  and  more  satisfactory,  the  stripper  taking  considerable 
power.  In  reference  to  worm  and  spur  gearing  we  have  consider- 
able more  friction  in  the  worm  and  wheel  as  ordinarily  made  and 
compared  with  spur  gearing.  This  depends  largely  on  how  it  is 
made  ;  for  instance,  we  have  a  case  in  Philadelphia  at  the  Clem 
&  Morse  Elevator  Works,  where  the  wheel  drives  the  worm,  which 
is  possible  only  with  to  superior  workmanship  ;  so  that  these 
things  are  dependent,  I  think,  on  the  construction  and  workman- 
ship of  the  machine. 


No.  259—46. 


"Is  there  a  form  of  safety  valve  on  the  weight  and  lever  principle  suitable 
for  boilers  on  small  vessels  in  rough  water  ?  " 

Mr.  E.  P.  SI  ration.- — When  lower  steam  pressures  were  used  at 
.  there  were  many  safety  valves  placed  on  vessels  on  the  Euro- 
pean coasts,  which  were  loaded  directly  over  the  valve,  yet  from  the 
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immense  amount  of  weight  which  it  was  necessary  to  concentrate 
on  the  valve  itself  they  have  failed  to  give  very  satisfactory  re- 
sults. To  overcome  that  difficulty,  some  years  since  a  valve  was 
invented  in  New  York,  and  quite  generally  adopted  throughout 
the  steamboat  service  of  the  United  States,  which  was  operated 
by  a  system  of  semi-circular  levers  on  which  the  weights  were 
placed.  This  valve  gave  a  tolerably  satisfactory  result,  but  owing 
to  the  circumscribed  space  in  which  it  was  required  to  work,  the 
weights  ultimately  became  more  or  less  jammed,  and  the  valve 
was  finally  discarded  on  account  of  the  same  result  being  more 
satisfactorily  obtained  through  coiled  strings  placed  over  the  valve. 
Valves  of  this  type  are  now,  I  think,  generally  adopted  iu  prefer- 
ence to  those  of  the  lever  system,  and  their  action  seems  to  be 
more  positive  and  satisfactory  on  all  classes  of  steam  vessels,  es- 
pecially when  in  a  sea  way. 


No.  259 

"  Is  6,000  lbs.  per  square  inch,  as  provided  in  the  U.  S.  Inspection  Laws  for 
steam  ve.-sels,  a  necessary  limitation  for  stays  iu  marine  boilers?" 

J//-.  Allan  Stirling. — There  is  a  connection  between  this  topic 
and  the  one  that  we  have  just  finished.  The  Steamboat  Inspection 
Law  until  very  recently  prohibited  the  use  of  spring  safety  valves 
on  steamers.  That  was  also  the  case  in  Canada.  No  spring  safety 
valve  could  be  used  on  any  steamers  in  the  United  States  and 
Canada  until  within  a  very  short  time.  Recently  the  laws  have 
been  changed  in  both  countries,  and  now  we  can  use  spring  safety 
valves.  Those  who  had  used  them  before  on  shore  knew  very 
well  their  merits,  and  knew  their  superiority  to  the  ordinary  lever 
valve  ;  and,  after  careful  consideration  of  the  subject  by  the  in- 
spectors, the  law  was  changed,  and  now  we  use  spring  valves. 
Steamboat  inspectors  have  an  unusual  responsibility.  We  all 
know  what  a  disaster  it  is  to  have  a  boiler  explosion  on  shore,  but 
it  is  a  great  deal  worse  on  shipboard.  Some  ships  have  gone  out 
from  port  and  have  never  been  heard  of.  I  have  sometimes 
thought  that  a  boiler  explosion  might  be  the  cause  of  their  total 
loss,  and  we  should  encourage  the  boiler  inspectors  to  be  very 
careful  in  the  laws  that  they  make  and  sanction  for  the  govern- 
ment of  steam  power  on  vessels.  Of  course  the  world  moves,  and 
things  that   are  right  to-day  may  be  wrong  ten  years  hence,  and 
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this  law,  which  is  now  part  of  the  law  governing  the  use  of  boilers 
on  steamships,  that  six  thousand  pounds  per  square  inch  is  the 
limit  of  pressure — no  doubt  at  the  time  that  law  was  made  it  was 
a  good  law  ;  it  may  be  so  still ;  but  it  is  an  important  matter  and 
is  worthy  of  investigation.  Last  evening  we  discussed  the  ques- 
tion of  our  navy,  and  this  question  of  stays  in  boilers  enters  to 
some  extent  into  the  efficiency  of  any  navy.  It  is  well  known  that 
steam  power  is  used  to  a  larger  extent  than  ever  before  in  naval 
warfare.  In  addition  to  the  use  of  very  fast  unarmored  cruisers, 
it  is  known  by  those  who  have  given  any  attention  to  the  subject 
that  even  the  armored  vessels  that  have  the  greatest  amount  of 
steam  power  have  an  advantage  for  that  reason.  It  is  an  advan- 
tage to  have  large  guns  and  thick  armor,  but  it  is  also  an  advan- 
tage to  be  able  to  manoeuver  the  ship  in  a  fight  with  an  enemy  so 
as  to  take  it  at  a  disadvantage,  and  so  as  to  prevent  it  from  taking 
your  vessel  at  a  disadvantage.  This  depends  entirely  on  the  rel- 
ative steam  power  of  the  two  ships.  Now,  there  are  very  few 
boilers  built  that  do  not  require  stays  ;  it  is  pretty  safe  to  say  that 
a  very  large  proportion  of  the  boilers  that  are  used  have  stays, 
and  I  do  not  know  of  any  boilers  we  put  on  shipboard  that 
do  not  require  staying.  Whether  we  shall  strain  those  stays  six 
thousand  pounds  to  the  square  inch  or  ten  thousand  pounds  to 
the  square  inch  will  make  a  difference  in  the  weight  of  the  boilers, 
and  a  difference  in  the  general  efficiency  of  the  whole  ship. 
As  I  said  before,  the  inspectors  cannot  be  too  careful  about  the 
laws  they  make,  and  there  is  one  reason  why  this  law  limiting 
the  strain  to  six  thousand  pounds  has  been  made,  and  that  is,  it  is 
difficult  so  to  arrange  the  pressure  on  each  side  of  a  flat  surface 
that  each  stay  will  have  its  proportion  of  the  work  to  do.  You 
can  readily  see  that  for  that  reason  the  strain  on  each  stay  should 
be  less  than  we  would  allow  for  steel  or  iron  when  we  know  that 
it  was  having  its  share  of  strain  and  no  more.  Locomotive  boilers 
have  large  flat  surfaces  that  are  stayed.  For  many  years  they 
have  carried  the  highest  pressures  that  are  carried  by  any  boilers, 
and  with  perhaps  as  great  immunity  from  explosion  as  most  boil- 
ers. There  does  not  appear  to  me,  however,  to  be  any  good  rea- 
son, assuming  that  we  can  strain  the  stays  equally,  why  we  should 
limit  the  strain  to  six  thousand  pounds  in  a  stay  and  allow  twelve 
thousand  pounds  in  a  shell.  I  can  imagine  that  the  giving  way 
of  a  shell  in  many  of  our  large  marine  boilers  would  be  more 
disastrous  than  the  giving  way  of  a  stay,  and  it  does  not  seem 
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that  we  should  conclude  without  investigation  that  the  strains 
should  be  less  on  the  stays  than  on  the  shells.  The  English 
Board  of  Trade  rules  are  very  similar  to  ours.  They  limit 
the  strain  on  the  stays  to  a  much  lower  point  than  the  strain 
on  the  shells.  No  doubt  that  matter  has  received  very  careful 
consideration  from  the  British  Board  of  Trade.  There  are  no 
very  recent  experiments  that  I  can  find  that  are  at  all  valuable 
in  connection  with  the  very  high  pressures  we  are  now  using  both 
on  shipboard  and  on  shore.  I  think  there  have  been  some  ex- 
periments made.  I  am  told  that  the  Navy  Department  has  ex- 
perimented in  this  direction  ;  but  these  experiments  have  not  been 
published  that  I  know  of,  and  are  not  available  to  the  profession 
generally.  The  tests  made  b}^  Colonel  Stevens  at  Hoboken,  and 
about  the  time  the  Sandy  Hook  tests  were  made,  with  boilers  of 
comparatively  low  pressures  and  with  large  distances  between  the 
stays,  are  practically  valueless  with  the  pressures  that  we  are  now 
so  familiar  with. 

Mr.  President,  in  view  of  the  great  importance  of  this  whole 
subject,  I  move  that  a  committee  of  five  be  appointed  to  investigate 
and  experiment  as  far  as  possible  and  present  to  this  society  such 
conclusions  or  recommendations  as  they  may  see  fit  in  regard  to 
this  law. 

Mr.  E.  P.  Strati  on. — I  have  had  my  attention  called  to  this  rule 
some  time  since,  and  it  has  always  appeared  to  me  to  be  an  ex- 
ceedingly arbitrary  one,  especially  in  view  of  the  fact  that  in  tak- 
ing sheets  of  metal  for  boiler  construction  we  are  allowed  as  a 
working  strain  one-sixth  of  the  actual  tensile  strength  of  the  iron, 
which  in  many  instances  reaches  sixty  thousand  pounds.  We  are 
allowed  to  take  one-sixth  of  this  as  a  working  strain,  and  tins  iron 
passes  through  rolls  in  its  formation  and  becomes  the  envelope  or 
shell  which  contains  the  entire  volume  of  steam  and  water,  many 
parts  of  which,  for  instance  on  the  sides  of  the  furnace  and  un- 
derneath the  flues,  are  inaccessible  to  either  the  hand  or  the  eye 
after  the  boiler  is  once  constructed.  It  is  somewhat  the  same 
case  with  boiler  stays  ;  but  they  are  generally  more  accessible,  and 
can  be  taken  out  and  examined  or  repaired,  and  I  see  no  just 
reason  why  the  limit  should  be  placed  at  six  thousand  pounds 
when  the  sheet  forming  the  envelope  of  the  boiler,  which  is  often 
more  inaccessible  in  many  parts  for  examination  or  inspection,  is 
allowed  ten  thousand  pounds  as  a  working  strain. 

Mr.  Wm.  Kent. — There  may  be  one  reason  why  we  should  give 
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a  larger  factor  of  safety  to  stays  than  to  shells ;  that  is  the  effect 
of  internal  corrosion.  Suppose  you  have  a  shell  one  inch  thick, 
which  gets  reduced  in  thickness  by  internal  corrosion  one-tenth 
of  its  original  thickness ;  suppose  you  have  a  stay  one  inch 
diameter  which  is  surrounded  by  water  on  all  sides  and  exposed 
to  the  same  corrosive  influences — its  whole  circumference  would 
be  corroded  and  the  extent  of  metal  removed  would  not  be  ten 
per  cent,  but  nineteen  per  cent.  I  think  that  is  one  reason  why 
we  should  be  very  careful  in  modifying  the  law  concerning  the 
safety  of  stays. 

Mr.  J  no.  Walker. — Mr.  Kent  has  just  expressed  my  views.  Any 
person  here,  I  think,  who  has  examined  boilers,  has  seen  the  stays 
almost  gone  when  the  shell  was  practically  perfect. 

Mr.  Stratton. — The  question  then  resolves  itself  largely  into 
that  of  inspection.  The  law  requires  that  all  boilers  shall  be  in- 
spected at  least  as  often  as  once  iu  each  year,  and  one  of  the  diffi- 
culties in  inspecting  boilers  is  that  the  inspector  too  frequently 
does  not  go  inside  of  them  to  examine  the  stays,  and  get  at  the 
actual  condition  of  the  stays  and  bracing  ;  if  they  were  half  as 
particular  in  examining  boiler  stays  as  they  are  in  examining  the 
external  portions  of  the  shells  after  putting  the  pressure  on  them, 
many  of  the  difficulties  experienced  would  be  eradicated.  The 
shell  of  the  boiler  contains  the  entire  volume  of  steam  and  water, 
whilst  the  condition  of  each  stay  only  affects  a  very  small  portion 
of  the  entire  area  braced  ;  yet  the  shell  is  allowed  a  working  .strain 
of  about  ten  thousand  pounds,  while  the  bracing  is  only  allowed 
six  thousand,  and  still  the  bracing  is  far  more  accessible  for  ex- 
amination and  repair  than  many  parts  of  the  shell  which  is  forced 
to  endure  many  times  the  strain  and  does  not  have  half  the  atten- 
tion that  the  bracing  and  staying  receive. 

Mr.  George  M.  Bond. — The  importance  which  the  Pennsylvania 
Railroad  Company  attach  to  this  matter  is  shown  by  the  fact  that 
the}-  drill  small  holes  in  the  ends  of  the  stay  bolts  of  locomotive 
v>oilers  to  determine  when  corrosion  or  failure  from  any  cause  has 
occurred.  Steam  will  thus  leak  through  this  small  hole  and  the 
attention  of  the  engineer  would  be  at  once  called  to  that  particular 
stay  bolt,  which  may  be  corroded  or  broken  off  next  to  the  crown 
sheet  or  outer  shell  of  the  boiler. 

Mr.  L.  S.  Randolph. — I  found  in  some  experiments  made  a 
year  or  two  ago  a  number  of  stay  bolts  broken  in  a  locomotive 
boiler.       T  think  in  one  boiler  we  found  as  many  as  one  hundred 
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and  thirty.     These  bolts  were  all  broken  square  across  close  to 
the  shell ;  I  could  find  no  reason  lor  it  at  first  until  the  idea  came 
to  me  that  perhaps  the  difference  of  temperature  of  the  fire-box 
and  the  shell  had  something  to  do  with  it.     I  think  the  fire-box 
was  ten  feet  long  inside.     Assuming  a  difference  of  two  hundred 
degrees  in  temperature  between  the  fire-box  and  shell,  we  get  a 
difference  of  about  one-eighth  of  an  inch  in  the  total  expansion  of 
the  two  sheets.     In  order  to  test  this  we  fitted  up  a  shaping  ma- 
chine with  a  single  stay  holt  four  inches  between   the  surface  of 
the  plate?.     The  top  plate,  or  the  one  bolted  to  the  head  of  the 
machine,  represented  the  fire-box  sheet,  and  was  T56  in.  thick  of 
Otis  steel.     The  lower  plate,  which  was  bolted  to  the  plateu,  rep- 
resented the  outside  or  shell  sheet,  and  was  also  of  Otis  steel  f  in. 
thick.     It  was  found  that  common  iron  stood  about  four  hundred 
vibrations,  stay  bolt  steel  about  four  thousand  vibrations.     The 
best  results  gotten  were  from  Sligo  iron,  that  stood,  1  think,  five 
thousand  vibrations.     I  found  that  invariably  the  stay  bolt  broke 
off  close  to  the  lower  sheet.     This  seems  to  be  another  question 
with  regard  to  the  strength  of  the  boiler,  and  one  which  is  most 
difficult    to   solve.     I  tried   several  arrangements — among  other 
things,  the  threads  were  turned  off,  but  this  only   made  things 
worse,  as  the  vibration  was  localized  in  some  flaw  or  imperfection 
in  the  metal. 

About  five  or  six  months  afterward  I  presented  this  subject  in 
a  paper  read  before  Section  D  of  the  American  Association  for  the 
Advancement  of  Science,  at  the  Ann  Arbor  meeting.  It  would 
seem  that  the  greater  the  diameter  the  greater  the  effect  this 
motion  would  have  on  the  strength  of  the  stay  bolts. 

Mr.  0.  C.  Woolson. — It  is  to  be  remembered  that  in  process  of 
manufacture,  the  manipulation  of  material  for  the  braces,  by 
drawing,  welding, upsetting,  punching,  springing,  etc.,  etc.,  is  some- 
what different  from  that  of  the  shell.  The  braces  are  of  different 
kinds  and  characters,  a  great  deal  coming  from  the  whims  and 
notions  of  the  builder;  whereas  the  shell  is  a  cylindrical  shell,  and 
no  builder  pretends  to  make  any  peculiar  shape  due  to  his  pecul- 
iar notions.  It  is  all  left,  or  largely  left,  to  a  mechanic,  pre- 
sumably a  good  one,  and  yet  he,  I  think,  is  more  apt  to  have 
mistakes  occur  in  that  class  of  work  than  he  is  in  the  shell ;  at  all 
events  it  is  not  so  readily  detected,  and  I  think  on  the  whole  more 
'  mistakes  and  more  bad  work  will  be  found  in  the  boiler  in  its 
stays  than  in  its  shell. 
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No.  259—43. 

An  improved  method  of  Blue  Printing  from  large  originals. 

Prof.  P.  H.  Thurston. — It  gives  me  great  pleasure  to  exhibit  to 
the  Society  a  copy  of  a  very  large  blue  print  made  by  Professor 
E.  C.  Cleaves  of  the  Sibley  College  of  Cornell  University,  by  a  new 
method  devised  by  him,  by  means  of  which  almost  any  desired 
size  may  be  made. 

By  the  common  method  the  larger  sizes  are  difficult  to  make 
satisfactorily;  the  plate  glass  needed  for  the  apparatus  is  very 
costly,  and  is  subject  to  serious  risk  of  breakage,  and  the  whole 
arrangement  becomes  clumsy  and  difficult  of  management.  By 
the  process  adopted  by  Professor  Cleaves,  no  plate  glass  is  re- 
quired;  the  apparatus  is  simple  and  easily  and  conveniently 
handled  ;  and  the  size  and  cost  of  apparatus  bear  very  little  re- 
lation the  one  to  the  other.  Any  size  likely  ever  to  be  required  in 
any  work  of  the  engineer  can  be  as  easily  made  as  the  smaller 
sizes,  and  the  cost  and  difficulty  of  construction  of  the  apparatus 
are  never  likely  to  be  such  as  to  constitute  a  bar  to  the  use  of  this 
system  of  printing.  There  is  no  practical  difficulty  in  getting  up 
an  apparatus  to  print  a  drawing  ten  feet  wide  and  thirty  feet  long, 
if  it  should  be  found  desirable.  That  here  exhibited  in  illustra- 
tion of  what  can  be  done  is  three  and  one-half  feet  wide  and  eight 
feet  long,  and  is  probably  the  largest  blue  print  yet  made  by  any 
process. 

Professor  Cleaves'  apparatus  consists  merely  of  a  cylinder  of  a 
length  exceeding  that  of  the  widest  drawing  to  be  reproduced,  and 
of  a  diameter  such  that  the  longest  tracing  to  be  used  can  be 
wrapped  around  it  with  sufficient  space  to  spare  to  give  room  for  the 
clamps  by  which  it  is  drawn  into  place  and  held.  The  cylinder  is 
smoothly  covered  with  felt  and  the  sensitive  paper  carefully  wrap- 
ped about  it,  the  tracing  to  be  copied  being  drawn  over  the  whole 
and  held  smoothly  in  place  by  spring  clamps  which  seize  its  ends. 
It  is  found  to  be  easy  to  lay  the  tracing  smoothly  over  the  surface 
and  to  draw  it  into  contact  so  perfectly  that  the  work  done  by  this 
method  is  even  better  and  more  certain  than  that  produced  by  the 
ordinary  plate-glass  apparatus,  even  with  the  air  cushion  now  so 
successfully  used  with  it.  The  print  shown  has  a  defect  at  one 
corner ;  but  it  is  the  only  defective  one  yet  made,  and  was  selected 
to  send  simply  because  it  was  feared  that  that  there  might  be 
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some  danger  in  sending  it  by  express,  and  it  was  preferred  to  risk 
this  rather  than  another.  It  is  easy,  with  a  little  care  and  with 
some  practice,  to  make  these  prints  absolutely  perfect,  much  easier 
than  with  glass. 

The  apparatus  being  ready  for  use,  it  is  mounted  on  a  cradle, 
supported  by  its  gudgeons,  and  is  revolved  in  the  sun  by  means 
of  a  cord  leading  from  some  convenient  line  of  shafting  ;  or  it  may 
be  turned  by  hand  until  the  exposure  is  satisfactorily  completed. 
It  requires  a  little  more  time  to  print  a  sheet  by  this  method  than 
by  the  old,  as  the  tracing  and  the  underlying  sensitive  paper  are 
but  one-half  the  time  exposed  to  the  rays  of  the  sun.  With  these 
exceptionally  large  prints,  however,  for  which  only  this  process 
would  be  employed,  this  is  not  an  important  matter.  They  are 
not  likely  to  be  made  every  day. 


No.  259—49. 


What  system  of  regulating  the  wages  of  labor  in  our  manufacturing  establish- 
ments will  tend  to  make  that  labor  most  efficient  and  produce  the  largest  returns 
both  to  employer  and  employee?  Give  especially  data  from  actual  experience  with 
effects  of  piece-work,  premiums,  participation  in  profits,  graduation  of  wages,  with 
terms  of  service,  etc.,  etc. 

This  topic  was  so  closely  related  with  the  trend  of  the  discussion 
of  Mr.  Kent's  paper  entitled  "  A  Problem  in  Profit  Sharing"  that 
its  discussion  is. printed  in  connection  with  the  latter,  and  will  be 
found  on  page  649  of  the  present  volume. 


724:  APPENDIX. 


(A'LX. 


AFPEXDIX. 


MEMORIAL  NOTICES    OF  MEMBERS  DECEASED  DUR- 
ING THE  YEAR. 


JOHN  CHIPMAX  HOADLEY, 


Born  December  10,  1818,  at  Turin,  in  Lewis  County,  N.  Y. 
Two  years  in  machine  shop  at  wood  and  iron  work.  Preliminary 
survey  for  railroad  from  Utica  to  Binghamton  under  J.  D.  Allen, 
for  few  months  in  1835.  After  a  winter  in  Utica  Academy,  began 
as  chainrnan,  May  26,  1836,  on  enlargement  of  Erie  Canal  under 
Holmes  Hutchinson,  Squire  Whipple  and  O.  W.  Storey.  Succes- 
sively rodman,  leveler,  surveyor,  and  draughtsman,  until  in  1840 
was  in  charge  of  the  party  locating  the  enlargement  between 
Utica  and  Borne  ;  afterward  on  the  Black  River  Canal,  the  Che- 
nango Canal,  and  the  enlargement  of  the  Erie  Canal  between 
Little  Falls  and  Syracuse.  In  the  summer  of  1842,  when  work 
on  the  canal  was  nearly  suspended,  and  the  assistants  were  gen- 
erally discharged,  it  was  found  that  he  had  performed  his  work 
with  so  much  foresight,  and  had  represented,  in  his  notes  and 
upon  his  plans,  the  old  work,  as  well  as  the  new,  with  such  thor- 
oughness and  completeness,  that  in  the  settlement  of  claims  he 
was  indispensable,  and  he  was  retained  and  transferred  to  other 
sections  of  the  canal,  to  apply  as  far  as  possible  the  methods 
which  he  had  instituted. 

While  upon  the  canal,  he  received  an  offer  of  seven  hundred 
dollars  a  year  from  the  Messrs.  Horatio  X.  and  Erastus  B.  Bige- 
low,  to  come  to  Lancaster,  Mass.,  as  civil  engineer  in  charge  of 
the  construction  of  the  mills  and  steam  and  water-power  plants  at 
that  place.     This  offer  he  gladly  accepted,  and  by  diligent  study 
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and  indefatigable  research  fitted  himself  to  perform  the  new 
duties  which  in  great  variety  grew  upon  him  with  his  growing 
ability.  He  began  when  he  was  twenty-six  years  old,  and  re- 
mained four  years  at  this  work.  From  this  time  he  turned  his 
energies  principally  to  mechanical  engineering;  at  first,  in  1848, 
at  Pittsfield,  Mass.,  with  Gordon  McKay,  in  the  firm  of  McKay 
&  Hoadley,  for  three  years,  designing  and  constructing  steam  en- 
gines, water  wheels,  and  other  machinery ;  then  five  years  as 
superintendent,  and  part  of  the  time  agent  of  the  Lawrence  ma- 
chine shop,  designing  and  constructing  woolen,  cotton,  and  paper 
machinery,  water  wheels,  stationary  steam  engines,  and  locomo- 
tives. Then  in  1S57,  he  began  the  manufacture  on  his  own  ac- 
count of  portable  steam  engines,  which  he  improved  greatly  in 
efficiency,  and  continued  in  the  business  for  twenty  years.  His 
experience  with  locomotives  had  led  him  into  an  analysis  of  the 
djmamical  relations  which  speed  bore  to  the  operation  of  engines, 
and  the  result  of  his  investigations,  partly  mathematical  and  partly 
experimental,  was  to  bring  out  an  engine  embodying  many 
features  which  have  since  been  largely  used  by  others.  His  en- 
gine was  the  first  of  the  single-valve  automatics,  with  governor  at 
the  side  of  the  driving  pulley.  During  this  time,  also,  he  was  en- 
gaged personally  for  four  years  in  charge  of  the  works  of  the  New 
Bedford  Copper  Company ;  one  year  in  charge  of  the  McKay 
Sewing  Machine  Association,  in  1866 ;  one  session  as  Represent- 
ative in  the  Legislature  of  Massachusetts  (1858),  and  four  months 
on  a  mission  to  England  in  1862,  to  inspect  and  report  upon 
ordnance  for  harbor  defense  for  the  State  of  Massachusetts.  He 
was  a  presidential  elector  in  1872.  He  also  served  from  1873  till 
1882  on  the  Boards  of  Health,  Lunacy  and  Charity  of  his  State. 
He  was  moreover  interested  in  the  organization  of  the  Clinton 
"Wire  Cloth  Company,  and  was  president  of  the  Archibald  Wheel 
Company. 

During  the  later  years  of  his  life,  and  particularly  siuce  the 
commercial  crisis  of  1873,  Mr.  Hoadley  separated  himself  from 
the  manufacturing  and  the  commercial  side  of  the  profession,  and 
devoted  himself  more  to  consulting  and  expert  practice.  He  was 
particularly  in  repute  for  patent  causes,  because  of  his  remarkable 
memory  and  power  of  keen  analysis,  coupled  with  an  unlimited 
capacity  for  taking  pains  and  for  elaborating  a  subject  to  the 
minutest  detail.  He  acted  as  expert  also  in  many  of  the  best 
known  tests  of  water-works  pumping  engines  in  New  England, 
47 
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and  as  judge  at  many  of  the  mechanical  expositions.  He  was 
one  of  the  original  trustees  of  the  Massachusetts  Institute  of 
Technology,  and  presented  much  valuable  apparatus  to  its  cabi- 
nets. 

Mr.  Hoadley  was  one  of  the  charter  members  of  the  American 
Society  of  Mechanical  Engineers,  and  contributed  many  valuable 
gapers  of  characteristic  thoroughness.  He  also  published  many 
results  of  his  work  in  pamphlet  form,  among  the  most  notable  of 
the  recent  ones  being  his  "American  Steam  Engine  Practice  in 
1884:,"  which  was  presented  as  a  paper  at  the  Montreal  meeting 
of  the  British  Association  for  the  Advancement  of  Science. 

His  death  took  place  October  21,  1886,  at  his  home  in  Boston, 
Mass.  Much  of  his  collection  of  expert  apparatus  was  purchased 
from  his  executors  by  Mr.  Stephen  W.  Baldwin,  of  New  York, 
and  presented  entire  to  the  American  Society  of  Mechanical 
Engineers.  He  received  the  honorary  degree  of  A.  M.  from 
Williams  College,  in  1852. 


HOMER  HAMILTON. 

Born  in  Youngstown,  Ohio,  in  1836.  Apprenticed  as  machinist 
in  plow  works  of  Predmore  and  Fellows.  Later,  the  firm  of 
Homer  Hamilton  &  Co.  was  organized,  which  again  was  changed 
to  William  Tod  &  Co.,  operating  the  Hamilton  Works,  one  of  the 
largest  foundry  and  machine  shops  in  that  part  of  Ohio,  making 
a  specialty  of  furnace  and  rolling-mill  machinery.  Mr.  Hamilton 
was  one  of  the  charter  members  of  the  society,  and  held  many 
positions  of  trust  in  his  native  town  ;  he  was  appointed  in  1883 
commissioner  from  his  State  to  the  New  Orleans  Exposition.  He 
had  been  failing  in  health  for  some  time  before  his  death,  which 
took  place  on  November  29,  1886,  while  the  seventh  annual  meet- 
ing of  the  Society  was  in  session. 


JOHN  B.  ROOT. 

Was  born  at  Jamestown,  New  York,  January  4,  1830,  and  died 
at  Port  Chester,  December  11,  1886.  At  the  age  of  fourteen 
years  he  was  fitted  for  college  at  Lewiston  and  Seneca  Falls 
Academies,  but  instead  of  entering  on  a  collegiate  course  he  pre- 
ferred the  work  of  aiding  his  father  and  uncle,  John  B.  Ives,  in 
canal  construction,  on  the  James  River  Commission  in  Virginia. 
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In  California  also  be  built  water-works  for  hydraulic  mining  on  the 
Sacramento  River.  In  1816  he  began  to  build  steam  engines  in 
Brooklyn,  and  alone  and  with  others  he  was  engaged  from  1863 
to  1SG9  in  building  several  of  his  own  special  designs,  on  which  he 
had  been  granted  several  patents  ;  but  most  of  these  were  more 
distinguished  for  their  novelty  than  for  any  definite  economic 
results.  He  is  best  known  for  his  many  improvements  in  the  field 
of  building  sectional  steam  boilers,  on  which  he  was  engaged  from 
1866  to  1885,  and  took  out  many  patents.  In  1876  he  made  im- 
portant improvements  in  machinery  for  manufacturing  riveted 
spiral  pipe,  which  have  been  successfully  and  extensively  em- 
ployed in  that  industry  in  connection  with  the  manufacture  of  the 
Boot  boiler.  During  his  early  experiments  in  making  spiral 
riveted  pipe  he  conceived  the  idea  of  making  spiral  ivelded  pipe 
of  sheet  iron,  and  the  last  five  years  of  his  life  were  mainly  de- 
voted to  inventing  and  developing  machinery  for  its  automatic 
production.  The  difficulties  which  he  had  to  encounter  in  this 
last  line  of  experiments  were  many  and  hard  to  overcome,  but  he 
finally  succeeded  in  reaching  a  practical  success  only  a  few  weeks 
before  his  death.  Mr.  Root  joined  the  Society  in  April,  1882,  and 
his  contributions  to  the  Society's  Transactions  were  made  in  that 
year. 


BISHOP  ARNOLD. 

Born  in  Fairfield,  X.  T.,  June  16,  1853.  Died  February  16, 
1887.  Entered  Sibley  College,  Cornell  University,  in  1869,  and 
stadied  for  two  years.  He  was  for  five  years  acting  as  designer 
for  the  Birdsall  Company  of  Auburn,  N.  Y.,  making  a  specialty  of 
traction  machinery,  on  which  he  had  obtained  several  patents, 
and  at  the  time  of  his  death  was  a  partner  in  a  firm  manufactur- 
ing steam-heating  appliances. 

He  joined  the  Society  at  its  Chicago  meeting,  in  May,  1886,  and 
attended  that  convention  only. 


B.  F.  EMERSON. 


Born  in  Middleton,  Essex  County,  Mass.,  December  22,  1837. 
His  early  life  was  spent  as  a  clerk  in  Boston,  and  he  went  out  at 
first  in  that  capacity  with  the  Copper  Falls  Mining  Company  to 
Keweenaw  County,  in  Michigan.     His  executive  and  mechanical 
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capacity  brought  promotion,  and  he  was  made  superintendent  in 
1873,  and  was  agent  for  the  company  at  the  time  of  his  death. 

In  August,  1886,  during  the  forest  fires  of  Michigan,  when  the 
mills  were  endangered,  Mr.  Emerson  was  superintending  the 
work  of  protecting  the  structures  from  an  elevated  trestle,  but 
stepping  backward  he  fell  and  injured  his  spine.  Paralysis  set  in, 
and  he  was  brought  back  to  Boston,  where  he  died  April  5,  1887. 
Mr.  Emerson  left  $10,000  in  trust  to  the  public  library  of  his 
native  town,  and  his  collection  of  mineral  specimens  to  the 
Michigan  Mining  School.  He  was  elected  an  associate  member 
of  the  Society  in  May,  1885. 

WILLIAM  LEONAED  XICOLL. 

Was  born  at  New  Windsor,  Orange  County,  N.  Y.  His  early 
life  was  spent  at  home,  but  when  the  rebellion  began  he  entered  the 
navy  as  third  assistant  engineer.  He  served  on  board  the  gunboat 
Mdrblehead  and  the  iron-clad  Onondaga.  During  the  latter  part 
of  the  war  he  was  engaged  in  the  torpedo  service  on  the  James 
River.  After  the  war  he  was  ordered  to  the  New  York  Navy  Yard 
and  later  to  the  United  States  steamer  Powhatan.  In  1868  he 
joined  the  European  squadron,  serving  on  board  the  flag  ship 
FranldinioT  three  years.  Since  then  he  was  attached  to  the 
Bureau  at  Washington  for  three  years,  and  for  three  years  he  was 
stationed  at  the  Naval  Academy.  In  1880  he  was  ordered  to  the 
Monocaey  in  China,  on  board  which  ship  he  remained  for  four 
years,  being  ordered  home  for  examination  for  promotion  in  the 
spring  of  1884.  From  June,  1884,  until  March  30,  1887,  he  was 
on  duty  in  the  New  York  Navy  Yard,  being  attached  to  the  re- 
ceiving ship  Vermont.  He  served  upon  various  experimental 
boards  until  the  date  of  the  commencement  of  his  last  illness. 
During  the  war  he  was  made  second  assistant  engineer.  In  1868 
he  was  promoted  to  the  grade  of  passed  assistant  engineer,  and 
in  1885  he  was  made  chief  engineer.  Ke  was  detached  from  the 
Vermont  and  ordered  on  sick  leave  on  March  30, 1887.  His  death 
took  place  at  Southampton,  on  July  2.  He  joined  the  Society  as 
member  at  the  November  meeting  of  1882. 


JACKSON  BAILEY. 


Mr.  Bailey  Avas  born  May  12,  1847,  at  Schenectady,  N.  Y.     At 
fifteen  years   of  age  he  enlisted  as  a  private  in  the  One  Hundred 


APPENDIX.  729 

and  Thirty-fourth  Kegirnent  of  New  York  Infantry,  and  served 
three  years,  to  the  close  of  the  Civil  War.  He  was  at  Missionary 
Eidge  and  in  several  other  battles,  and  served  in  Sherman's  army 
during  the  march  to  the  sea. 

Mustered  out  of  service  at  eighteen  years  of  age,  he  entered 
the  State  Normal  School  at  Albany,  N.  Y.,  from  which  he  gradu- 
ated in  due  course  and  afterward  was  engaged  in  teaching.  Later 
on  he  connected  himself  with  a  New  York  publishing  firm,  which 
position  he  relinquished  to  become  New  York  representative  of 
the  American  Manufacturer  and  Iron  World,  of  Pittsburgh. 

In  November,  1877,  the  American  Machinist  was  established  as 
a  monthly  journal  devoted  to  the  machinery  trades,  Mr.  Bailey 
retaining  the  post  of  its  editor  from  the  beginning  up  to  the  time 
of  his  death.  In  1880,  when  the  idea  of  forming  the  American 
Society  of  Mechanical  Engineers  took  shape  in  the  minds  of  its 
founders,  Mr.  Bailey  was  active  in  furthering  the  plans  of  organi- 
zation, and  the  earliest  meeting  for  definite  conference  in  the 
matter  was  called  in  his  office.  He  came  in  as  associate,  under 
the  rules  which  were  later  established  as  to  grades  of  member- 
ship, but  his  interest  in  the  Society  and  its  growth  was  always 
keen  and  enthusiastic.  He  was  First  Vice-President  of  the  New 
York  Press  Club,  and  was  also  a  member  of  the  American  Insti- 
tute Mining  Engineers,  and  of  the  Electric  Club  of  New  York. 
He  was  also  a  Mason.  His  health  had  not  been  robust  from 
malarial  troubles  for  over  a  year  before  his  death,  and  his  asso- 
ciates had  compelled  him  to  take  a  vacation,  from  which  he  re- 
turned refreshed,  but  the  difficulty  developed  into  consumption 
of  the  bowels,  from  which  he  died  on  July  7tb. 


JAMES  SHERIFFS. 


Mr.  Sheriffs  was  born  in  Banff,  Scotland,  September  22,  1822. 
Landing  in  New  York  in  the  year  1848,  he  came  to  Milwaukee  in 
1S49.  As  foreman  of  the  Menominee  Foundry,  which  was  doing 
railroad  work  at  that  time,  he  had  the  honor  of  making  the 
first  locomotive  castings,  including  driving  wheels,  made  in  the 
Northwest.  Went  to  Chicago,  taking  charge  of  the  Gates  k  Mc- 
Knight  Foundry  there.  Came  back  to  Milwaukee  and  started  a 
foundry  in  June,  1851,  making  architectural  and  general  castiugs, 
In   1866,  commenced  building  marine  work,   and  has  built  the 
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largest  compound  engines  built  in  the  Lake  Michigan  district. 
Commenced  manufacture  of  propeller  wheels  in  1873,  and  has 
made  wheels  for  nearly  all  parts  of  the  United  States,  especially 
for  towing.  He  died  July  18, 1867,  after  an  illness  of  four  months. 
His  membership  in  the  Society  dated  from  the  thirteenth  meeting, 
in  Chicago. 
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